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(57) [Abstract] 

[Problems to be Solved by the Invention] 

It is superior in lengthy continuous molding property , offer 
manufacturing method of polyester which canacquire molded 
article , especially heat resistance hollow molded article 
where transparency , heat resistance is superior. 

[Means to Solve the Problems] 

contact process step which inside polyester and polyolefin 
resin member , polyamide resin member , polyacetal resin 
member contact process does the member of any one kind, at 
least under certain conditions is included, itmakes feature, IV 
content of 0.60 - 1.20 dl/g , cyclic trimer 0.6 weight % or 
less , fine content , film content being 500 ppm or less , with 
polyester composition where at same time most melting peak 
temperature of high temperature side of melting peak 
temperature of aforementioned fine is 265 deg C orless, 
dimensional deformation ratio which was measured due to 
TMA with 1.0% - 5.0%, the manufacturing method . of 
polyester composition where haze is 1 5% or less 

[Claim(s)] 
[Claim 1] 

terephthalic acid or ester-forming derivative and, mainly 
mainly ethyleneglycol or low molecular weight polymer 
production step which ester-forming derivative esteriflcation 
or transesterification is done (a ), melt condensation 
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polymerization step which low molecular weight polymer 
which isacquired with aforementioned low molecular weight 
polymer production step melt condensation polymerization is 
done (b ), solid phase polymerization step which polyester 
which is acquired with aforementioned melt condensation 
polymerization step the solid phase polymerization is done 
(c ), polyester which is acquired with aforementioned solid 
phase polymerization step water and contact process water 
treatment step which is done (d ), removal process (e ), and 
inside polyester and polyolefln resin member , polyamide 
resin member , polyacetal resin member which with removal 
process such as aforementioned fine are acquired such as fine 
whichremoves fine and/or film from polyester which is 
acquired with theaforementioned water treatment step at least 
member of any one kind, contact process step (f) which 
contact process is done is included surface area of 
theaforementioned member (cm <sup>2</sup> ) with treated 
amount of aforementioned polyester of per unit time (ton/hr ) 
with that ratio A satisfies below-mentionedformula it makes 
feature, intrinsic viscosity content of 0.60 - 1.20 deciliter 
/gram , cyclic trimer content of any of total content of 0.6 
weight % or less , fine content , film content , or fine content 
and film content being 500 ppm or less , At same time with 
polyester composition where most melting peak temperature 
of high temperature side of melting peak temperature of 
aforementioned fine is 265 deg C or less, melt molding doing 
aforementioned polyester composition , dimensional 
deformation ratio which measured molded article which it 
acquires due to thermomechanical analysis (TMA ) with 1.0% 
- 5.0%, manufacturing method . of polyester composition 
where haze is 1 5% or less 

treated amount of polyester of A= {surface area of 
aforementioned member (cm <sup>2</sup> )} /per unit time 
(ton/hr )) = 6 - 5000 

[Claim 2] 

Aforementioned melt condensation polymerization step (b ) 
with intermediate process or aforementioned solid phase 
polymerization step of aforementioned solid phase 
polymerization step (c ) (c ) with removal process (g ) is 
added to the intermediate process of at least one of 
intermediate process of aforementioned water treatment step 
(d ), manufacturing method . of polyester composition which 
is stated in Claim 1 which is madefeature such as fine which 
removes fine and/or film 

[Claim 3] 

Aforementioned solid phase polymerization step (c ) or is 
supplied content of any of total content of fine content , film 
content , or fine content and film content of polyester whichis 
500 ppm or less to step of inside at least one of step of 
theaforementioned water treatment step (d ) and 
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manufacturing method . of polyester composition which is 
stated in any of Claim 1 or 2 which is made feature 

[Claim 4] 

Most melting peak temperature of high temperature side of 
melting peak temperature of fine which isincluded in 
polyester which to aforementioned contact process step (f ) 
issupplied, is 265 deg C or less via removal process (e ) such 
as aforementioned fine and manufacturing method . of 
polyester composition which is stated in any of the Claim I , 
2 or 3 which is made feature 

[Claim 5] 

Aforementioned solid phase polymerization step (c ) or most 
melting peak temperature of high temperature side of the 
melting peak temperature of fine which is included in 
polyester which among theaforementioned water treatment 
step (d ) is supplied to step of any one atleast, is 265 deg C or 
less and Claim 1 , 2, 3 which is madefeature or manufacturing 
method . of polyester composition which is stated in any of 4 

[Claim 6] 

Aforementioned polyolefin resin , is resin of at least one kind 
which is chosenfrom group which consists of polyethylene 
resin , polypropylene resin , poly methylpentene type resin , 
polybutene resin and manufacturing method . of the polyester 
composition which is stated in any of Claim 1 , 2, 3 , 4 or 5 
which is madefeature 

[Claim 7] 

Aforementioned member , is member of at least one kind 
which is chosenfrom group which consists of rod , platelet or 
net which isinstalled in transport line of pipe , polyester for 
gravity transport of pipe , polyester for pneumatic transport of 
polyester and manufacturing method . of polyester 
composition whichis stated in any of Claim 1 , 2, 3 , 4, 5 or 6 
which is made feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

As for this invention, being something regarding 
manufacturing method of polyester composition which is used 
for ideal as material of hollow molded article , film , sheet or 
other molded article which begins the beverage bottle , 
especially, it is something regarding manufacturing method of 
polyester composition which gives hollow molded article 
which is superior in transparency and dimensional stability on 
heating and sheet which is superior in dimensional stability 

*a * 1. a. ir 
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after transparency , lubricity andformation. 

In addition, this invention, when hollow molded article 
forming, mold release property from the thermal processing 
mold being satisfactory, is something regarding 
manufacturing method of the polyester composition which is 
superior in lengthy continuous molding property . 

[0002] 

[Prior Art] 

polyester (Below PET abbreviates is. ) where main repeat unit 
is ethylene terephthalate is adopted as for thespread are 
remarkable ones that with transparency , mechanical strength , 
heat resistance , gas barrier property or other characteristic 
which is superior, as material of carbonated beverage , juice , 
mineral water or other container . 

In these application , in polyester bottle beverage which 
sterilization is done the hot filling is done with high 
temperature , in addition beverage after being filled 
sterilization is done with high temperature , but with 
conventional polyester bottle , contraction anddeformation 
happen this kind of hot filling treatment time and etc become 
problem . 

thermal processing doing bottle mouth part heat resistance of 
polyester bottle as method whichimproves, heat-set is done 
method which has been proposed the bottle which raises 
degree of crystallization , in addition draws. 

Especially, crystallization of mouth part being insufficient , in 
addition when scatter of degree of crystallization is large, 
sealing property of cap becomes bad, aleak of contents 
occurs, is. 

[0003] 

In addition, fruit juice beverage , oolong tea and mineral 
water or other way in case of beverage whichneeds hot 
filling , preform or thermal processing doing mouth part of 
bottle which formed, method (method which is stated in Japan 
Unexamined Patent Publication Showa 55-79237discIosure , 
Japan Unexamined Patent Publication Showa 58-1 10 
221 disclosure etc) which crystallization is done is general. 

This kind of method. Namely thermal processing doing mouth 
part , shoulder part , heat resistance time *temperature which 
does crystallization process can have an influence method 
which improves, on productivity largely, with low 
temperature and can treat with short time , it is a PET where 
crystallization rate is fast, it is desirable . 

On one hand, concerning shaft color of bottle contents in 
order notto deteriorate, administering thermal processing 
when forming, it is a transparent ,we are required , with 
mouth part and shaft characteristic which reciprocal is done is 
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necessary. 
[0004] 

In addition, as at heat resistance of bottle shaft in order to 
improve, beenable to look in for example Japan Examined 
Patent Publication Sho 59-62 16disclosure , method which 
thermal processing is done is takenwith temperature of 
drawing blowing mold as high temperature . 

But, when multiple bottle molding is continued with this kind 
of method making use ofsame mold , bottle which is acquired 
attendant upon driving the lengthy doing, whitening to 
decrease, only bottle which does not have commercial value it 
can acquire transparency and becomes. 

As for this deposit which originates in PET in mold surface 
wasattached, as a result became mold fouling , is, because this 
mold fouling copiesto surface of bottle , understood . 

Especially, recently, with miniaturization of bottle molding 
speed has beendone acceleration , heating time shortening and 
mold fouling for crystallization of the mouth part have 
become a larger problem from aspect of productivity . 

[0005] 

In addition, when after being filled when it does lid 
whichconsists of same material and leaves contraction 
happens and the unsealing property of lid becomes bad, in 
addition aforementioned molded article long period it leaves 
foodstuff in molded article which vacuum forming doing 
extrusion , this in sheet , acquires PET contraction happens 
and the lid becomes impossible. 

[0006] 

[Problems to be Solved by the Invention] 

various proposition has done in order to solve this kind of 
problem . 

method which adds kaolin , talc or other inorganic nucleating 
agent to for example polyethylene terephthalate (Japan 
Unexamined Patent Publication Showa 56-2342discIosure , 
Japan Unexamined Patent Publication Showa 

56- 21832discIosure ), there is a method (Japan Unexamined 
Patent Publication Showa 57-125246disclosure , Japan 
Unexamined Patent Publication Showa 

57- 207639disclosure )which adds montan acid wax salt or 
other organic nucleating agent , but these method accompany 
occurrence of the foreign matter and haze and is a problem in 
utilization. 

In addition, in starting material polyester , melt molding doing 
from aforementioned polyester , there is a method (Japan 
Unexamined Patent Publication Hei 5-105807disclosure ) 
which adds treatment polyester which the polyester molded 
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article which it acquires powder fragment is done, but as for 
this method the excess step , melt molding powder fragment 
being necessary, furthermore is a risk which impurity other 
than polyester mixes with this kind of postprocessing , it is 
not a preferred method in economical or qualitative . 

In addition, method (Japan Unexamined Patent Publication 
Showa 61- 259946disclosure , Japan Unexamined Patent 
Publication Hei 2- 269638disclosure ) which inserts heat 
resistant resin make piece in the mouth part is proposed, but 
productivity of bottle is bad, in addition, isa problem even in 
recycleable . 

[0007] 

In addition, by fact that it contacts with polyethylene part 
materialunder flow condition improvement method of PET 
(Japan Unexamined Patent Publication Hei 
9-71639disclosure ) and, improvement method (Japan 
Unexamined Patent Publication Hei 1 1- 209492disclosure ) of 
PET has been proposed PET chip by fact that it contactswith 
member which consists of polypropylene resin or polyamide 
resin under thesimilar condition , but it is very difficult to 
obtain crystallization rate and the transparency which are 
stabilized even with this kind of method understood. 

[0008] 

manufacturing method of polyester composition which is 
superior in lengthy continuous molding property whose it is 
few this invention to solve problem which above-mentioned 
conventional method has, toproduce molded article , 
especially large type hollow molded article where 
transparency and dimensional stability on heating aresuperior 
efficiently to be possible, in addition to pollute mold is 
offered makes objective . 

[0009] 

[Means to Solve the Problems] 

In order to achieve above-mentioned objective , as for 
manufacturing . method of the polyester composition.of this 
invention , terephthalic acid or ester-forming derivative and, 
mainly mainly the ethyleneglycol or low molecular weight 
polymer production step which ester-forming derivative 
esterification or transesterification is done (a ), melt 
condensation polymerization step which low molecular 
weight polymer which is acquired with aforementioned low 
molecular weight polymer production step the melt 
condensation polymerization is done (b ), solid phase 
polymerization step which polyester which is acquired with 
theaforementioned melt condensation polymerization step 
solid phase polymerization is done (c ), polyester which is 
acquired with aforementioned solid phase polymerization step 
waterand water treatment step which contact process is done 
(d ), removal process (e ), and inside the polyester and 
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polyolefin resin member , polyamide resin member , 
polyacetal resin member which with removal process such as 
aforementioned fine are acquired such as fine which removes 
fine and/or film from polyester which is acquired with 
aforementioned water treatment step at least member of any 
one kind, contact process step (f ) which contact process is 
done is included surface area of theaforementioned member 
(cm <sup>2</sup> ) with treated amount of aforementioned 
polyester of per unit time (ton/hr ) with that ratio A satisfies 
below-mentionedformula it makes feature, intrinsic viscosity 
content of 0.60 - 1 .20 deciliter /gram , cyclic trimer content of 
any of total content of 0.6 weight % or less , fine content , 
film content , or fine content and film content being 500 ppm 
or less , At same time with polyester composition where most 
melting peak temperature of high temperature side of melting 
peak temperature of aforementioned fine is 265 deg C or less, 
melt molding doing aforementioned polyester composition , 
dimensional deformation ratio which measured molded article 
which it acquires due to thermomechanical analysis (TMA ) 
with 1.0% - 5.0%, is manufacturing method of polyester 
composition where haze is 15% or less . 

treated amount of polyester of A= {surface area of 
aforementioned member (cm <sup>2</sup> )} /per unit time 
(ton/hr )) = 6 - 5000 

[0010] 

Here, fine it calls with JIS -Z8801 and metal screen of 
dimension 1.7mm the* it is it means in addition film calls fine 
powder of polyester which passes sieve , with JIS -Z880I and 
* is among polyester which remain on sieve , chip of 2 or 
more melt adhesion does the metal screen of dimension 
5.6mm , Or chip ones which than normal geometry are more 
largely cut off it means film after removing, measures these 
content with thebelow-mentioned measurement method . 

[0011] 

As here, stated on description below, it measures melting 
point of the fine making use of differential scanning 
calorimeter (DSC ), calls melting peak temperature of DSC 
the melting point . 

And, melting peak which displays this melting point one , or 
configuration isdone from melting peak of plural above that, 
with this invention , when the melting peak is one , peak 
temperature , in addition when melting peak is the plurality , 
among melting peak of these plural , most "Most peak 
temperature of high temperature side of melting peak 
temperature of fine " with naming melting peak temperature 
of high temperature side , regarding Working Example etc 
"melting point of fine " with does. 

In addition, here, with thermomechanical analysis (TMA ) of 
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[0012] 

Btj|B@ffl«^Xfl(c)(7)*rBlXffSfcttMtS@ 

^M^xfI(c)i:|ilfg7K^axff(d)CD*F B lx 
fS(D^<<tti-o<7)*r B lxfliz x yr^^&iS 



[0013] 

Z(Dm£lz&l*T. mifB@ffl«^xfS(c)*/z 
lilutS7K^ax|f(d)0XfI(D5*>'>^<c!:t~ 
0(DXfI^tt*&**l«)7K'JXXiF;KD^7-r> 

I vf tl^CD^Mtf 500ppm «TT*fc*C<!:A< 
[0014] 

7K'jxxx;u*ic&**t^^T^>0itse^ 

S£0S*KS«©lSSfc?-£SS*t. 265 deg 



[0015] 

iM*iiaffi*«iaxs(d)«)5^ / >ft<i:t.i^rti 

AN-OCDXS^tt^^^TK'JXX^jHf!^ 
BMgtf-^SSA^ 265 deg C laTT'fcSCttf 

[0016] 
[0017] 
[0018] 



molded article it measures the dimensional deformation ratio , 
with below-mentioned method . 

[0012] 

In this case putting, aforementioned melt condensation 
polymerization step (b ) with intermediate process 
oraforementioned solid phase polymerization step of 
aforementioned solid phase polymerization step (c ) (c ) with 
it canadd removal process (g ) such as fine which removes 
fine and/or film to intermediate process of at least one of 
intermediate process of aforementioned water treatment step 
(d )• 

[0013] 

In this case putting, aforementioned solid phase 
polymerization step (c ) or is supplied the content of any of 
total content of fine content , film content , or fine content and 
the film content of polyester which is 500 ppm or less to step 
of inside at least one of step of aforementioned water 
treatment step (d ), it is possible . 



[0014] 

In this case putting, most melting peak temperature of high 
temperature side of melting peak temperature of the fine 
which is included in polyester which to aforementioned 
contact process step (f ) is supplied, is 265 deg C or less via 
removal process (e ) such asaforementioned fine , it is 
possible . 

[0015] 

In this case putting, aforementioned solid phase 
polymerization step (c ) or most melting peak temperature of 
high temperature side of melting peak temperature of fine 
which is included in polyester which among aforementioned 
water treatment step (d ) is supplied to step of any one at least, 
is 265 deg C or less, it is possible . 

[0016] 

In this case putting, aforementioned polyolefin resin , is resin 
of the at least one kind which is chosen from group which 
consists of polyethylene resin , polypropylene resin , poly 
methylpentene type resin , polybutene resin , it is possible . 

[0017] 

In this case putting, aforementioned member , is member of 
the at least one kind which is chosen from group which 
consists of rod , platelet or net which is installed in transport 
line of pipe , polyester for gravity transport of pipe , polyester 
for pneumatic transport of polyester , it ispossible . 

[0018] 
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l**fflxx^M&JStt«#*£x*u:^ij3- 

unnit^^ ±fc*«y2LJH(4A<x^u> 

L<l*X*U>rU:7$b-Nfrtt£ 85 : t;u%ja± 

£trf*tt7f{'jx*T;uT?fcy, $bicjf^L<ii 

90 ^U%JU±. ftlZ$?£L<li 95%ULt£fctt 
[0019] 

iWE#yxx^;u*<#«£frcfc4it£i;tt 

x$>vJA;u^>H^<D^§fiiv*;u^>KS 
*©«1l6ttB*«:. p-t+v$ ESS!. 

[0020] 

iiie^yxx^;u;6<&a£&-r?fe<5 if 
vx^u>yyzi-;u. i,3-hy^u>^y3-;u, 

[0021] 

ttifCtt* &fi£#£LT, KM'JvHfc, t°P* 
y?MW £*lf*wiA«T?*. V'J^-frftLttt 
LT^'J-b'J>. '<>*xyx'Jh.^**lf set 
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[Embodiment of the Invention] 

You explain in detail below, concerning manufacturing 
method of polyester composition of the this invention . 

polyester which relates to this invention terephthalic acid or 
ester-forming derivative and the ethyleneglycol or is produced 
ester-forming derivative , as starting material with polyester 
where themain repeat unit is ethylene terephthalate , with 
linear polyester which preferably ethylene terephthalate unit 
85 mole % or more isincluded, furthermore preferably 
90mole % or more , particularly preferably 95% or more it is 
a linear polyester which is included. 

[0019] 

When aforementioned polyester is copolymer , you can list 
isophthalic acid , 2,6-naphtha!enedicarboxylic acid , diphenyl 
-4,4&apos; -dicarboxylic acid , diphenoxy ethane 
dicarboxylic acid or other aromatic dicarboxylic acid andits 
functional derivative , p- hydroxybenzoic acid , 
hydroxycaproic acid or other oxyacid and its functional 
derivative , adipic acid , sebacic acid , succinic acid , glutaric 
acid or other aliphatic dicarboxylic acid and its functional 
derivative , cyclohexane dicarboxylic acid or other aliphatic 
dicarboxylic acid and its functional derivative etc as 
dicarboxylic acid as copolymer component which is used. 

[0020] 

When aforementioned polyester is copolymer , you can list 
alkylene oxide adduct , polyethylene glycol , polybutylene 
glycol or other polyalkylene glycol or other aromatic glycol 
etcof diethylene glycol , 1,3- trimethylene glycol , 
tetramethylene glycol , neopentyl glycol or other aliphatic 
glycol , cyclohexane dimethariol or other cycloaliphatic 
glycol , bisphenol A , bisphenol A as glycol as copolymer 
component which is used. 



[0021] 

Furthermore, when aforementioned polyester is copolymer , 
trimellitic acid , pyromellitic acid etcis listed as 
polyfunctional compound as copolymer component which is 
used, as acid component , it ispossible , it can list glycerine , 
pentaerythritol as glycol component . 

amount used of copolymer component above must be extent 
where polyester substantially maintains linear state . 

In addition, it is possible to copolymerize monofunctional 
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[0022] 

ED*>, PET 0>if ^Kli. xU^UpfcirX^U^ 
?ya-JU&l/&glcj:yte0>&»£j$#£l£ 
&J5JS$i*T7k£g£Lx;Vf;MbUcSL ;M 
ETIcfiU§££iT9it&x;^;Mb;£. £/i 

;ur;ua-;u£g£Lx;vr;u£&£-t±fc8L M 



[0023] 



[0024] 

6lTlcl47Kyx^U>f-U7^U-h$«il=LTii 
**\ xx-r;HbfilCl.=J:y«M^«:S8jfr 

S*fcicoivcifti!ift-s. 

i=*fLT i .02-1 j ^;u.5f*Uii i.03~i.4 ^e;u 
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compound , for example benzoic acid , naphthoic acid etc. 
[0022] 

Produces above-mentioned polyester , is possible with 
manufacturing method of prior public knowledge . 

Namely, in case of PET , other copolymer component 
reacting directly with terephthalic acid , and ethyleneglycol 
and necessity to remove water and theother copolymer 
component reacting esteriflcation after doing, with direct 
esterification , , or the dimethyl terephthalate and 
ethyleneglycol and necessity to do condensation 
polymerization under vacuum to remove methyl alcohol , 
after ester exchange , It is produced by transesterification 
method which does condensation polymerization under 
vacuum . 

Furthermore increasing intrinsic viscosity , acetaldehyde 
content etc it does solid phase polymerization inorder to 
decrease. 

Because of crystallization promotion before solid phase 
polymerization , absorbed moisture after doing, the melt 
polymerization polyester , thermal crystallization doing in 
addition blowing water vapor to polyester chip directly 
thermal crystallization it is possible to do. 

[0023] 

It is good doing aforementioned melt condensation 
polymerization reaction , with batch equipment and, 
inaddition it is good doing with continuous reaction device . 

And it is good regarding these whichever system doing melt 
condensation polymerization reaction with single step and, in 
addition dividing into multiple steps , it is good doing. 

Similarity to melt condensation polymerization reaction , it 
does solid phase polymerization reaction , with batch 
equipment or continuous equipment , it ispossible . 

melt condensation polymerization and solid phase 
polymerization are good doing with continuation 
and,dividing, it is possible to do. 

[0024] 

With polyethylene terephthalate as example you explain 
below with continuous method isdesirable concerning one 
example of manufacturing method where. 

First, when low molecular weight polymer is produced with 
esterification reaction being attached, youexplain. 

You adjust slurry where ethyleneglycol of 1.02 - 1 .5 mole , 
preferably l.03~1.4mole is included terephthalic acid or 
vis-a-vis ester derivative 1 mole this supply to continuous in 
the esterification reaction step . 
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[0025] 

l^;HtSJCI4» 'Pt£<t& 2 <I<7)XX-r;Hb 

m i .saoxx-T-yubfijcosfii* 240-270 

deg C.iff£L<li 245-265 deg C.'EAI* 
0.2-3 kg/cm 2 G, »*L<I* 0.5~2kg/cm 2 G T?fc 

•So 

*»RB©x^xJHbfiJCfl)jaftl4iiKt 
250-280 deg C 5?£L<I* 255-275 deg C T?fc 
. y.EAIAiift 0~l.5kg/cm 2 G. #£l,<li 
0~l.3kg/cm 2 G T?fc&o 



*L<l4 93%Ja±lcS^5CtA«SI*Ll^ 
CtibOxx-rJUbJEfKlCcfcy^T-l: 500-5000 

[0026] 

±12xx7 1 ;HbSiS:iil^*4i:LT J fU^^;uK 
[0027] 

Afc£©*|JHb* 4 ttTr^-^Afc 
*ttO**Sit«Mfi*i|l(±S?*-^jjE»t 

[0028] 



[0025] 

While ethyleneglycol under condition which reflux is done, 
with the rectification column removing water or alcohol 
which is formed with reaction in outside the system , making 
use of multistage device which connects esterification reactor 
of at least two to the linear array it executes esterification 
reaction . 

As for temperature of esterification reaction of first step as for 
240 - 270 deg C, preferably 245-265 deg C, pressure theyare 
0.2 - 3 kg/cm <sup>2</sup>G, preferably 0.5-2kg/cm 
<sup>2</sup>G. 

As for temperature of esterification reaction of last step with 
usually 250 - 280 deg Cpreferably 255-275 deg C, as for 
pressure they are usually 0 - 1.5 kg/cm <sup>2</sup>G, 
preferably 0-1 .3kg/cm <sup>2</sup>G! 

When it executes with 3 steps or more , reaction condition of 
esterification reaction of intermediate stage is reaction 
condition of above-mentioned first step and condition 
between reaction condition of last step . 

As for rise of reaction ratio of these esterification reaction , 
with respective step isdistributed in smooth is desirable. 

As for finally as for esterification reaction ratio it reaches to . 
90% or more , preferably 93% or more , it isdesirable . 

lower condensate of molecular weight 500-5000extent is 
acquired by these esterification reaction . 

[0026] 

When terephthalic acid is used as starting material , it can 
react above-mentioned esterification reaction even with no 
catalyst with catalysis as acid of terephthalic acid ,but it is 
possible to execute under coexisting of condensation catalyst . 

[0027] 

In addition, trace addition doing triethylamine , tri- n- 
butylamine , benzyl dimethyl amine or other tertiary amine , 
tetraethyl ammonium hydroxide , hydroxide terra -n- butyl 
ammonium , trimethyl benzyl ammonium hydroxide or other 
quaternary ammonium hydroxide and lithium carbonate , 
sodium carbonate , potassium carbonate , sodium acetate or 
other basic compound , when itexecutes, because you can 
keep ratio of dioxyethylene terephthalate component unit in 
main chain of polyethylene terephthalate relatively in low 
level (Vis-a-vis total diol component 5 mole % or less ), it is 
desirable. 



[0028] 
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jfclc, x;vf;U3fc8fc5J6l::J:oT«S£tt£a 
j&*4*B£l4. fU7^;Hv>f;i, i =EMzn 

LT 1.1-1.6 $?£L<li 1.2-1.5 ^KDX^ 

xx^usmSJfcifll-^Mlctt^-f^ 

[0029] 

xxT-;u£&J5J6ii. i~2 fitoxx-r^XSiS 
(E3S*E5'JI=jUgLfcSaSfflt^rx^b>^ 

IS 1 IS B 0>X7.Tr;u£&j5J£<J);g|*|£ 
180-250 deg C, $?£L< I* 200-240 deg C X'fo 

•So 

*»KB<Dxx^aift£JS©Sfii*il?!t. 

230-270 deg C. #£L<I£ 240-265 deg C Trfc 

y , i ^ f ii- X ft ill I H t', 

Zn,Cd,Mg,Mn > Co,Ca ) Ba fc£©IBIttlHS. fti* 
£^ Pb.Zn.Sb.Ge KflS^ll^ffll^. 

C^bCOXXx^jg^SlSl^fcy^^ *$<J 
200-500 g£©«»t6#*BJ&<»&*l5. 

[0030] 

^U-rU^SU— K T-U7^^Sfc-i)t^l*X^ 
U>frbt^g£*t£x? 1 b>?''JZ!-,iUli$!)ij| 

a>C<t % &ffl;3<* PET tfHUfrb^/— ;U#ft? 
fxtKa+vx^u^u^^b-h 

fc^LMix^U^Jzj-ju&^HJixjgft^ 
[0031] 

JS;Sjf fi 250-290 deg C. #£L<I± 260-280 
deg C -efcy.E*li 500-20Ton\»£L<l* 
200-30Torr T\ S&RR«)Zi&£££a>2ft 
I* 265-300 deg C, J?£L<I* 275-295 deg C t? 
&y.E*l* I0-0.1Torr, »£L<I* 5-0.5Torr 



When next, low molecular weight polymer is produced with 
transesterification , you adjust solution where ethyleneglycol 
of 1.1 - 1.6 mole , preferably l.2~1.5mole is included 
vis-a-vis dimethyl terephthalate lmole this supply to 
continuous in transesterification step . 

[0029] 

While ethyleneglycol under condition which * stopping is 
done, with the rectification column removing methanol which 
is formed with reaction in outside the system , making use of 
device which connects ester exchange reactor 1 - 2 to linear 
array itexecutes transesterification . 

temperature of transesterification of first step is 1 80 - 250 deg 
C, preferably 200-240 deg C. 

temperature of transesterification of last step usually with 230 
- 270 deg C, preferably 240-265 deg C, uses 
Zn ,Cd ,Mg ,Mn ,Co ,Ca ,Baor other aliphatic acid salt , 
carbonate and Pb ,Zn ,Sb ,Geoxide etc as ester exchange 
catalyst . 

lower condensate of molecular weight approximately 200 - 
500 extent is acquired bythese transesterification . 

[0030] 

As for ethyleneglycol which is induced from dimethyl 
terephthalate , terephthalic acid or ethylene of the virgin 
which is induced from paraxylene as dimethyl terephthalate , 
terephthalic acid or ethyleneglycol whichis a aforementioned 
starting material , dimethyl terephthalate , terephthalic acid , 
bis hydroxyethyl terephthalate or ethyleneglycol or other 
recovery starting material whichrecovers from of course, after 
use PET bottle with methanol disassembly and the 
ethyleneglycol disassembly or other chemical recycling 
method , It utilizes it is possible at least as portion of starting 
material . 



quality of aforementioned recovery starting material must be 
refined to the purity , quality which responds to use 
objective . 

[0031] 

lower condensate which is acquired next is supplied to liquid 
phase condensation polymerization step of the multiple steps . 

As for condensation polymerization condition , as for reaction 
temperature of condensation polymerization of first step with 
250- 290 deg C, preferably 260-280 deg C, as for pressure 
with 500 - 20 Torr , preferably 200-30Torr , as for 
temperature of condensation polymerization of final step with 
265 - 300 deg C, preferably 275-295 deg C, as for pressure 
they are 10 - 0.1 Torr , preferably 5-0.5Torr . 
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3 ®mm±-em&t&t%-$:izte. +p B Wa b a>a 

[0032] 



lb^#ffll^btl&fr\Ge lb£#!!<k Ti lb£ 
tt. Ge <b£tt£ Al <b£l&U Sb itttlht Ti <b£ 

ft* sb fc*ft& Ge ltdftfl>adM«ta>ttfflt 
c*i&0Mb£ftli % t»«\ x^u>{f ij 

[0033] 

Ge <t**tLTI*,*Jl»-|Mty^ii^ 

LfcjsaE. sfciictLicx^u^yyn^u^as 

■iXfJUBtB Ge a # ft t L T 
I0~l50pp m> »*L<I4 I3~l00ppnu MI-»*L 
<I4 15~70ppm Irfc^o 

[0034] 

Ti fl:£ftiLTIi. xf^x^u^^-k 

*i;-t*i&fl>»»*p*»»tt % sit 

^£-;k ffi£^$-;u7>^-OA x BM?$ 

-JU^HJ^A. ifg^-^iJ^A. ffft? 
*0>*l***^Hbfcft, MJ^Jyhg^X 
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When it executes with 3 steps or more , reaction condition of 
condensation polymerization of intermediate stage is reaction 
condition of above-mentioned first step and condition 
between reaction condition of last step . 

extent of rise of intrinsic viscosity which arrives in each of 
these condensation polymerization step isdistributed in 
smooth is desirable. 

[0032] 

It does condensation polymerization , making use of 
condensation catalyst . 

As condensation catalyst , it can use compound of Ge, Sb , Ti, 
or Al , but alsouse of mixed catalyst of Gecompound and 
Ticompound , Gecompound and Al compound , Sb compound 
and the Ticompound , Sb compound and Gecompound is 
conducive . 

These compound are added to reaction system as slurry etc of 
powder , aqueous solution , ethyleneglycol solution , 
ethyleneglycol . 

[0033] 

As Gecompound , slurry , crystalline germanium dioxide of 
irregular germanium dioxide , crystalline germanium dioxide 
powder or ethyleneglycol solution which the thermal 
decomposition is done or solution etc which ethyleneglycol 
addition heat treatment isdone is used for water in this, but to 
obtain polyester whichrelates to especially this invention , 
germanium dioxide in water solution , which thermal 
decomposition is done or it is desirable in this to use solution 
which it adds heats ethyleneglycol . 

In addition, you can list to these other things, germanium 
chloride , germanium tetraethoxide , germanium terra -n- 
butoxide , germanium phosphate or other compound . 

When Gecompound is used, amount used 10 - 150 ppm , 
preferably 13-I00ppm , furthermore is the preferably 
15~70ppm as Geresidual amount in polyester resin . 

[0034] 

As Ticompound , you can list tetraethyl titanate , 
tetraisopropyl titanate , tetra -n- propyl titanate , tetra -n- butyl 
titanate or other tetraalkyl titanate and those partial hydrolysis 
product , oxalic acid titanyl , oxalic acid titanyl ammonium , 
oxalic acid titanyl sodium , oxalic acid titanyl potassium , 
oxalic acid titanyl calcium , oxalic acid titanyl strontium or 
other oxalic acid titanyl compound , titanium trimellitate , 
titanium sulfate , titanium chloride etc. 
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0.1~50ppm ©ffiBd&SJ^lC&ttrf £ c 
[0035] 

Sb <b*«tLTI*.=IHb7>^>»»»7 

-K 5E»fl;7>**>, MJ7xn;U7>^> 
Sb ft^Uil*. £j£*°'J^-*© Sb «#*iLT 

50~250ppm 0)$GlI]l-&-5<fc5 d^AP^-So 
[0036] 

*fc, Al <b£«j£LTI*. «»'7JU5=^A, ft 
ffifc7JU5-^A. «»7;U5^AS|a>j|!i« 

mm. 7;u5-^A>h+-y-'fh\ 7;u5x^ax 

h+-9--<K^<07;U5-'t7A7;U34r-y--<h\ 7 
;U5x^A7-t*;U7-teh*-K 7^5-0 A7 
^;U7^-hlf £©7>IU5-0A+b-Hb£ 
MJ^;U7;U5x^A, h'Jx^;U7;U5- 
^Alf^^USx^.Mbl^fcJ: 1^*16 
©»#i«*#»1MM<*lf 6*1-5. 

C*i.60>5*>fti£7;U5xOA. 

ai *bfcfc«\ ^j**' Ai'»#*fcLT 

5~200ppm (D^Hlz/d:5<fc5l=^to-f 5o 
[0037] 

TI*. 7JU*'J*JR<b$tt*fcl47JU*'J±a 
#JSHt^«3$#fflLTt«fct^. 

7^a«J£K<b£ft*fcl47;u*'J±S&flHb 
Slfctt, z+L65c^©KK^0*;U7t?>i$ 
£. T^a+IM KSftffclf 6*u tffi*. 
x^b>^ija.;u»5jE^tLTJE«?Sl=SS 

*P$*L-5o 

7;n>'j*flMb£to*fcl47;u*'j±S£flHb 
±*7K'Jv-*©c*i6(D5c*fflas 

fiiLT l~50ppm 0fSHI=fc5J:3lcSftrf 

#5 6 
[0038] 
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In order to become range of 0. 1 - 50 ppm as Tiresidual 
amount in produced polymer ,it adds Ticompound . 

[0035] 

As Sb compound , you can list antimony trioxide , antimony 
acetate , antimony tartrate , potassium antimony tartrate , 
antimony oxychloride , antimony glycolate , antimony 
pentoxide , triphenyl antimony etc. 

In order to become range of 50 - 250 ppm as Sb residual 
amount in produced polymer ,it adds Sb compound . 

[0036] 

In addition, you can list aluminum chelate compound , 
trimethyl aluminum , triethyl aluminum or other 
organo-aluminum compound and these partial hydrolysis 
product etc of formic acid aluminum , aluminum acetate , 
propanoic acid aluminum , oxalic acid aluminum or other 
carbonate , oxide , aluminum hydroxide , aluminum chloride , 
hydroxide aluminum chloride , aluminum carbonate or other 
inorganic acid salt , aluminum methoxide , aluminum 
ethoxide or other aluminum alkoxide , aluminum 
acetylacetonate , aluminum acetyl acetate etc as Al 
compound . 

aluminum acetate , aluminum chloride , aluminum 
hydroxide , hydroxide aluminum chloride , and aluminum 
acetylacetonate among these especially are desirable. 

In order to become range of 5 - 200 ppm as Al residual 
amount in produced polymer ,it adds Al compound . 

[0037] 

In addition, it is possible to jointly use alkali metal compound 
or alkaline earth metal compound regarding the 
manufacturing method of polyester of this invention . 

As for alkali metal compound or alkaline earth metal 
compound , acetate or other carbonate , alkoxide etc of these 
element is listed, is added to reaction system as powder , 
aqueous solution , ethyleneglycol solution etc. 

In order to become range of 1 - 50 ppm in produced polymer 
remain andothers as residual amount of element , it adds 
alkali metal compound or alkaline earth metal compound . 

It can add aforementioned catalyst compound , with step of 
option ofaforementioned polyester producing reaction step . 

[0038] 
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Zt&X£% a 

+MK£lb£ft, S*X*>&2Mb£ft. S* 

*ftflitLTI*'j>||. 'J^&MJ^UXXt" 

ixf;k U^Kh'J7x--;i.x^;u. y>i^ 
y^f^nxfJk 'j>SSv^;uxfJk y> 

>&MJX^/H7.x;k £'J>itHJ:?^;uxx 
-r;u. ^fjwtx^>isvyf/k ^u*x* 

i-;u*x*>&vx^.>u. ?x:=ju*X7to& 

x?-f>**-tMKi?-T?fcy. cftbiiintt-ete 
p fb£fti*.£jajf*'j-7-4»a> p asftiLr 

l~l000ppm (DlcHlc^ck-pl^mflBro^'Jxx 
T;u^fiEfijciga>ffsa)Siig-c*iD-r*c 

[0039] 

T^UOSK&Jtli 0.30-0.85 

A, Jff£Uli 0.35-0.80 -rv'J'VHU/^A, £ 

t>C:#£L<li 0.40-0.75 T^JvbWyAO) 

mmxfoz>ztt>w£u\ 

[0040] 

x^UV-if'Jn-JU^MliHiflBTK'JxxxJUS 

ffititt&VV^-Jl'fS.ftO) 1.0-5.0W/,. *?£L 
<l* 1.3-4.5 ^UH. »=ff*Ul* 1.5-4.0 =E 

[0041] 
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In addition, various Pcompound can be used as stabilizer . 

You can list phosphoric acid , phosphorous acid and those 
derivative , phosphonic acid compound , phosphinic acid 
compound , phosphine oxide compound , phosphinic acid 
compound , phosphinous acid compound , phosphine 
compound etc as Pcompound which is used with this 
invention . 

It is possible to use, these with such as phosphoric acid , 
trimethyl phosphate ester , triethylphosphate esier , tributyl 
phosphate ester , phosphoric acid tri phenyl ester , 
monomethyl phosphate ester , dimethylphosphate ester , 
monobutyl phosphate ester , dibutyl phosphate ester , 
phosphorous acid , trimethyl phosphite ester, triethyl 
phosphite ester , tributyl phosphite ester , dimethyl 
methylphosphonate , diphenyl methylphosphonate , dimethyl 
phenylphosphonate , diethyl phenyl phosphonate , diphenyl 
phenylphosphonate , benzyl phosphonic acid dimethyl , 
benzyl phosphonic acid diethyl , diphenylphosphine acid , 
diphenylphosphine acid methyl , diphenylphosphine phenyl 
oxide , phenyl phosphinic acid , phenyl phosphinic acid 
methyl , phenyl phosphinic acid phenyl , diphenylphosphine 
oxide , methyl diphenylphosphine oxide , triphenyl phosphine 
oxide with alone as the embodiment , in addition to jointly use 
2 kinds or more is possible. 



In order to become range of 1 - 1000 ppm as Presidual 
amount in produced polymer ,it can add Pcompound , with 
step of option of theaforementioned polyester producing 
reaction step . 

[0039] 

intrinsic viscosity of polyester which is acquired 030 - 0.85 
deciliter /gram , preferably 0.35-0. 80deciliter /gram , 
furthermoreis range of preferably 0.40-0. 7 5 deciliter /gram 
from aforementioned final polycondensation reactor , it is 
desirable. 

[0040] 

diethylene glycol content which is copolymerized in polyester 
which relates to the this invention 1 .0 - 5.0 mole % , 
preferably 1.3~4.5mole % , of glycol component which 
aforementioned polyester the configuration is done 
furthermore is preferably 1 .5~4.0mole % . 

[0041] 

From aforementioned final polycondensation reactor molten 
polyester which is acquired, from the die extrusion being done 
in underwater, while in system , or the atmosphere which it 
cuts off at underwater extrusion after being done, atonce 
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[0043] 

-tffl^F^figtt.ii* I.5~5mm» ff*L<tt 
1.6~4.5mm» $bC:tf£L<li i.8~4.0mm(»ffil 

« * « . *> 'J > if - fi <D if £ I* , ft * 14 
1.5~4mm, SI4 1.5~4mm flJtT?&&a>#ilffl 

0) 1.1-2.0 f&,*'MW-fij!><¥$lfc*g© 0.7 

Sfc, 10~30mg/e<D^HA^H 
[0044] 

C <tLfci§£, TEO(IH4)©*«<tt— 3. 



2003-7-22 

cooling with cooling water is done making into a chip with 
such as system whichit cuts off. 

[0042] 

Here, melt condensation polymerization step (b ) with, from 
after low molecular weight polymer production step (a ) 
ending, it is to the step which molten polyester which 
discharges via die from final melt condensation 
polymerization reaction vessel making into a chip is done. 

[0043] 

geometry of chip of polyester , cylinder type, is good 
rectangular type , spherical shape or flat platelet or other 
whichever, average particle diameter usually 1.5-5 mm , 
preferably 1.6-4. 5mm , furthermore is rangeof preferably 
1.8~4.0mm . 

In case of for example cylinder type, as for length as for 1 .5 - 
4 mm , diametersfact that they are 1.5-4 mm extent is 
practical . 

In case of spherical particle , maximum particle diameter fact 
that 1.1 - 2.0 times , minimum particle diameter of the 
average particle diameter are 0.7 times or more of average 
particle diameter is practical . 

In addition, weight of chip 10 - 30 mg / range is practical . 



[0044] 

In addition, when content of content , silicon of content , 
magnesium of the sodium in cooling water of making into a 
chip step and content of calcium isdesignated as N, M, S, C 
respectively, description below (1) - at least one , of (4) 
furthermore it is desirable to do making into a chip of melt 
condensation polymerization polyester , tosatisfy everything. 
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[0045] 
[0046] 

14, *gtt#AT*fcl**ET, &SlM4*38 

l^T. 100-210 deg C <7>S£"C 1-5 ftfSlinSftL 

*l^*Stt#X»HftT*fcl4*ETlc 
190-230 deg C (7);SgT* 1-30 B$|iS)a>@4BE£- 

«ET*fcl4*;§14#x8H« 

TKfcivt* fcj 100 de g c eiTic^ai**i4 0 



CZT% @ffiM£X?l(c)<!:l4. tK'Jxxx^O) 

8T*fflSxg©si!as^©ig£i\3 0 



[0047] 

ca>«fc9lzLrf»6*tfc7K'Jx^f-;KDffilBtt 
J£l4 0.60-1.20 xvUyHU/^A,»£L<l4 
0.65-1.10 -rvU^NU/^A, £blC»£L<!4 
0.70-0.90 fv'J^h^^A^wi-Cfc^o 

ffiEtt£A< o.6o xv'J^h;u/^A*^-ei4. 

*fc, 1.20 7^y?H!^5A£ig*.<&i|£l4 % 
BRS««l3**iSi»lftlc«ffiafi4<»<3B:or 



[0048] 

*fc. C©7KUxxx^©7-bh7JUTtK*» 
4I4 lOppm JUT. Jff *L<I4 8ppm KIT* SEfC 
a?£UI4 5 PP m SIT* *;uA7;UTtK^#* 
it 7ppm KIT, *?£L<I4 6ppm El-tf* 
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[0045] 

When aforementioned condition cooling water which comes 
off is used, these metal-containing compound deposit in 
polyester chip surface , crystallization rate of polyester of 
final whichis acquired becomes quick, in addition fluctuation 
large very andis not desirable. 

[0046] 

melt condensation polymerization which it acquires in this 
way polyester which is done the solid phase polymerization is 
done in solid phase polymerization step (c ). 

Aforementioned polyester solid phase polymerization is done 
with method of the prior public knowledge . 

First aforementioned polyester which is offered to solid phase 
polymerization is done l- 5 hours heating with temperature of 
100 - 210 deg C in under under the inert gas or under, or 
water vapor or water vapor-containing inert gas atmosphere 
vacuum , preparatory crystallization . 

Next under inert gas atmosphere or under vacuum solid phase 
polymerization of I - 30 hour isdone with temperature of 190 
- 230 deg C. 

In after solid phase polymerization , under vacuum or under 
inert gas atmosphere , it is cooledbelow approximately 100 
deg C. 

Here, solid phase polymerization step (c ) with, passing by 
cooling chip after solid phase polymerization from 
preparatory crystallization of polyester , it is step to 
immediately before the water treatment step . 

[0047] 

intrinsic viscosity of polyester which it acquires in this way 
0.60 - 1.20 deciliter /gram , preferably 0.65-l.l0deciIiter 
/gram , furthermore is range of preferably 0.70-0.90deciliter 
/gram . 

intrinsic viscosity under 0.60 deciliter /gram , molded article 
or other mechanical property which is acquired is bad. 

In addition, when it exceeds 1.20 deciliter /gram , resin 
temperature becoming high whenmelting, with such as 
molding machine thermal decomposition becomes extreme, 
free low molecular weight compound whichexerts influence 
on fragrance retention increases, or other problem which 
molded article colors to yellow happens. 

[0048] 

In addition, as for acetaldehyde content of this polyester 10 
ppm or less , preferably 8ppm or less , furthermore asfor 
preferably 5ppm or less , formaldehyde content 7 ppm or 
less , preferably 6ppm or less , furthermore it is a preferably 
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L<\t 4ppm JUTT*fe*CtA<a*U^ 
[0049] 

it 0.60 iI%WT, J?£L<f* 0.50 S*%« 

T. £l<[* o.4o aft%uiT-efc*ct 

[0050] 

xxfiUt #ffigxg(d)r::fci*TSIll£«i 
'#yxxTJU©*fflS#fc£LTM\ ^HtXtt 

[0051] 

9&m^mtLxit s bisk »*ui* io » 

-I BWkS&lztf^LOi 30 #~10 ftffl^* 
0>;Sg<kLTI* 20-180 deg C\»*L<I± 
40-150 deg C. * blC» £L<(4 50-120 deg C V 

[0052] 

*fc«i3issti*iitt*a, /vv^^so^r 



[0053] 

7K'jxxT;KD^^*ii«*5C-e*ftiaTrs 

#Uxxx;i/©^y?£±»«fcy gltAfu 7K& 
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4ppm or less , it is desirable. 
[0049] 

In addition, content of cyclic trimer of this polyester 0.60 
weight % or less , preferably 0.50weight % or less , 
furthermore is preferably 0.40weight % or less , it is 
desirable . 

[0050] 

polyester which next, is acquired with solid phase 
polymerization step (c ) inactivating treatment is done 
condensation catalyst in water treatment step (d ). 

As water treatment method of polyester , water and water 
vapor or water vapor contentvapor and method which contact 
process is done can list polyester chip after melt condensation 
polymerization and after solid phase polymerization . 

[0051] 

Aforementioned polyester chip water and water vapor or 
water vapor contentvapor and method which contact process 
is done is expressed next. 

As contact process method of water, dampen * * you can list 
to underwater method and method etc which pours water on 
on chip with shower . 

As process time 5 min ~2day , preferably 10 min -1 day , 
furthermore with preferably 30 min -10 hours , 20 - 1 80 deg 
C, preferably 40-1 50 deg C, furthermore it is a preferably 
50-120 deg C as temperature of water. 

[0052] 

method which below does water treatment in industrially is 
illustrated, butit is not something which is limited in this. 

In addition processing method does not become inconvenient 
with whichever of continuous method , batch system . In 
order to do in industrially , continuous method is more 
desirable. 

[0053] 

When water treatment it does chip of polyester with batch 
system , you canlist treatment tank of silo type . 

Namely chip of polyester is accepted to silo with batch system 
and water treatment is done. 

When water treatment it does chip of polyester with 
continuous method , itaccepts chip of continual or 
intermittently polyester to treatment tank of column type from 
upper part , water treatment is possible. 

This conceptual diagram is shown in Figure 1 . 
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[0054] 

S tLfcJS^, TE(5H9)fl>*«<tt- 



[0054] 

With when water treatment method is continuous method and 
with when it is a batch system , when the particle diameter 
which exists in water which is introduced from outside the 
system the number of particle of 1 - 25;mu m content of X, 
sodium content of N, magnesium content C of M, calcium , 
content of silicon isdesignated as S, Description below (5) - at 
least one , of (9) furthermore satisfyingeverything, it is 
desirable to do water treatment . 
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a. v^>v^a, a^uv^a, mmo-s^m 

a».B^E*».lz#*LfcyL».C4iA<7K'jx 
[0056] 

£ 1-50000 fi/lOml 

-So 

Tk+O^ISS^ 50000 fl/lOml eiTfc^ssfe 



oxide and hydroxide or other metal-containing substance 
which are called scale by setting the any of content of 
underwater particle number , sodium , magnesium , calcium , 
silicon which is introducedinto water treatment tank to 
above-mentioned range, in treated water floatingand 
precipitating, furthermore deposit in treatment tank wall and 
pipe wall, this in polyester chip deposits and permeates, 
crystallization when formingis promoted, It becomes bottle 
where transparency is bad it prevents , it ispossible . 

[0056] 

It uses for water treatment below, particle of particle diameter 
l~25;mu m 1 - 50000/ 10 ml method which obtains water 
which is included isillustrated. 

Until industrial water or other natural water is supplied to 
treatment tank as method whichdesignates underwater number 
of particles as 50000 / 10 ml or less , device whichremoves 
particle at least 1 places or more of step is installed. 
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a. Etatiaga. ao^xm. 

;Si§;5xe^0;iSilgBA<^ifb*t-&. 

WtLTIi. *S?A<$Slf b*l*. 
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From recovery mouth of water of preferably natural world , 
before from the treatment tank , treatment tank which was 
inscribed, until treatment apparatus which such as pipe , fine 
removal apparatus which for second time resets water which 
wastewater is done to treatment tank includes attached facility 
which is necessary for water treatment the device which 
removes particle between is installed, particle content of 
theunderwater, particle diameter l~25;mu m which is 
supplied to treatment apparatus isdesignated as 1 - 50000 / 10 
ml , it is desirable . 

You can list filtration device , membrane filtration device , 
precipitation tank , centrifuge , foam associated processor etc 
as device which removes particle . 

If it is a for example filtration device , you can list belt filter 
system , bag filter system , cartridge filter system , screen 
filter system , centrifugal filtration system or other filtration 
apparatus as system . 

Even among them to do in continuous , filtration apparatus of 
belt filter system , centrifugal filtration system , bag filter 
system , screen filter system issuitable. 

In addition if it is a filtration apparatus of belt filter system , 
you can list paper , metal , fabric etcas filter material . 

In addition in order to flow removal of particle and treated 
water efficiently, size of eye of filter 5 - 100;mu m , 
preferably 10~70;mu m , furthermore preferably 15~40;mu m 
is good. 

[0057] 

In addition until underwater sodium from outside the system 
and in order todecrease magnesium , calcium , silicon in 
aforementioned range, industrial water is sentto treatment 
tank , device which with step at least removes the sodium and 
magnesium , calcium , silicon 1 places or more is installed. 

In addition, in order to remove silicon dioxide and 
aluminosilicate or other clay mineral which havebecome 
particle , filter is installed. 

You can list ion-exchanger tower , ultrafiltration device etc as 
device which removes sodium and magnesium , calcium , 
silicon. 

[0058] 

method of water treatment with whichever of continuous , or 
batchwise , when treated water which is discharged from 
treatment tank entirely, or majorityis designated as industry 
wastewater , new water in large amount not only it 
isnecessary, influence to environment feels concern with 
waste water increase . 
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fcasA^&aj£ft/tfca*i4*«ia 



[0059] 

LTi^r-f 7X*tta^Flc7K , Jxx-r 

^i^±fcftiM4«iafflet©*js-e*±"r* 
sfcSrLi^aTK^ict^attiisaEoas 

[0060] 

LfcA^r. ffia»^b*ttiLfc«ia**iis 
fflaai^KLrfiwffl-rsfc. »n rt<D&a 

*f=£**i*77*>***tt**l43fc*lcJt 

*au jfia7X*i^*4in^7yf>^as- 

^A««ia»S^EeSlcf**Lr , Etf£I£ 



[0061] 

*fcfta*+ic**tirt^477-f>^ntt^ 

XXx;UCD7T^>^^^(D#^aA<|^|- 
£<&y, c©J:ai=LT»6*ifc*yxxT;H4 



Namely, resetting treated water of part which is discharged 
from the treatment tank , to water treatment tank at least, it 
decreases necessary water amount byreusing, in addition 
decreases influence to environment with the waste water 
increase it to be possible, if furthermore is returned 
wastewater which has kept certain extent temperature to water 
treatment tank, because it can make also amount of heating of 
treated water small, As for treated water which is discharged 
from treated layer resetting to water treatment layer, it is 
reused it is desirable. 

In addition, flow of treated water in treated layer is increased 
by thefact that water is reused because it is possible , 
andwashes away fine which deposits in polyester chip as 
result ispossible , also fine removal effect is born. 

Again, here, after being discharged from water treatment tank, 
resetting to treatment tank there is a treated water which with 
polyester chip is discharged from thewater, and treatment tank 
which are discharged from overflow opening of water 
treatment tank as treated water which is reused, is separated 
next from theaforementioned chip . 

[0059] 

But, polyester chip or fine of polyester which occurs in 
friction with treatment tank wall is included in treated water 
which is discharged from the treatment tank in water 
treatment , at time of fine and water treatment which with step 
which accepts polyester chip to treatment tank have already 
depositedin polyester chip . 

In addition fine particle of inorganic substance derivation and 
organic fine particle etc whichoriginates in spoilage plant , 
animal are included even in new treated water . 

[0060] 

Therefore, resetting treated water which is discharged from 
treatment tank to treatment tank for second time, when it 
reuses, fine quantity and fine particle amount which are 
included in treated water inside treatment tank 
increasegradually, fine and fine particle which are included in 
treated water depositing in treatment tank wall and pipe wall, 
plug pipe , * itwas when. 

[0061] 

In addition fine and fine particle which are included in treated 
water deposit in polyester chip , because after this, with step 
which itdries removes moisture in polyester chip fine and fine 
particle depositor permeate, or, as for polyester where fine of 
polyester and the content of fine particle become very many, 
acquire in this way crystalline being promoted, As for 
transparency of bottle which it acquires badly or, in addition 
degree of crystallization at time of bottle mouth part 
crystallization becoming excessive , dimension of mouth part 
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[0062] 

1-40// m (DUtt 100000 ®/10ml KIT. 
»*UI4 80000 ffl/lOml JUT, *blC»*L<l± 
50000 ©/10ml JslTI-lt}#-*"Sa)A<a*U^ 



[0063] 

ElTIClUEU*^^* + ffltt»3W 1-40 Urn 
©ft 1 ? 100000 ffi/lOml WTic-r^^ji^ 



fliilSUIM^U**©^** 1-40|/ m ©ft^- 
100000 fi/lOml isiTic"j"**atLrtt, 

fTft3fcft.7-fji/*-©ao'y--fXtt 5-ioo/z 

nu#*L<l* 5-70//nu£bf::#$L<l£ 5-40 
Urn rt<cfcL\ 

[0064] 

v^*iziiu**i^*i^-eaia»©ftatfT 



entering standard or, because of that there were times whena 
leak of capping deficiency , contents of mouth part occurs. 

[0062] 

Therefore, regarding to this invention, after being discharged 
from the water treatment tank, resetting part of that to 
treatment tank at least, for thesecond time particle diameter 
which exists in treated water which is reused the particle of 1 
- 40;mu m 100000 / 10 ml or less , preferably 80000 / 10 ml 
or less , furthermore the preferably 50000 / maintaining in 10 
ml or less is desirable. 

Here, resetting to treatment tank this way, it names treated 
water which isreused recycled water . 

[0063] 

method where below particle diameter in aforementioned 
recycled water designates number of particles of 1 - 40;mu m 
as 100000 / 10 ml or less is illustrated, but this invention is 
not this limit. 

Until treated water which is discharged from treatment tank as 
method where particle diameter in aforementioned recycled 
water designates number of particles of 1 -40;mu m as 100000 
/ 10 ml or less , is returned to treatment tank again, the device 
which with step at least removes fine and fine particle 1 
places or more is installed. 

filtration device , membrane filtration device , precipitation 
tank , centrifuge , foam associated processor etc it is listed 
fine and as device which removes fine particle . 

If it is a for example filtration device , you can list automatic 
self cleaning system , belt filter system , bag filter system , 
cartridge filter system , centrifugal filtration system or other 
filtration apparatus as system . 

Even among them to do in continuous , filtration apparatus of 
belt filter system , centrifugal filtration system , bag filter 
system issuitable. 

In addition if it is a filtration apparatus of belt filter system , 
you can list paper , metal , fabric etcas filter material . 

In addition in order to flow removal of fine and treated water 
efficiently, size of eye of filter 5 - 100;mu m , preferably 
5-70;mu m / furthermore preferably 5~40;mu m is good. 

[0064] 

In addition, after water which is introduced from outside the 
system with chip was discharged from water treatment tank, 
next doing filtration or other treatment also it is possible 
treated water which is reused and tosimultaneous to supply to 
treatment tank . 
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[0065] 

50-150 deg C. »*L<(4 50-1 10 deg C <D;£jf 

^u-h ik g ay. 7k^a<tur o.5 g a±©*-e 

[0066] 

Its Hilt I0#IBJ~2 BEL *?£L<I±20»Fp1-10 
[0067] 

*fcfca*2*l*iI*S:&3t. /bfSS^hf 

[0068] 

#'JXXir^©^^/<-;^*a7?**jRt 
[0069] 

7Kuxxx;Ko^^*aewiz*3sait«* 



[0070] 

CT*ffltt*XS^»iS-r6. 

[0071] 

*XI***fttft*«iaL-fc5KUxxx^©^ 
<otettffia£ffli*4::*tf-e#*. 



[0065] 

In addition when chip and water vapor or steam-containing 
gas of polyester contacting, it treats, it supplies at quantity of 
0.5 g or more with water vapor or steam-containing gas or 
water vapor content air of temperature of 50 - 1 50 deg C, 
preferably 50-1 10 deg C as preferably particulate 
polyethylene terephthalate per kg , water vapor , or exists and 
particulate polyethylene terephthalate and water vapor 
contacts. 

[0066] 

Contact with chip and water vapor of this, polyester is done 
usually 10 min -2day , preferably 20 min -10 hours . 

[0067] 

particulate polyethylene terephthalate and method which does 
contact process of water vapor or steam-containing gas in 
industrially is illustrated below, but it is not something which 
islimited in this. 

In addition processing method does not become inconvenient 
with whichever of continuous method , batch system . 

[0068] 

When water vapor and contact process are done with batch 
system , treatment apparatus of the silo type can list chip of 
polyester . 

Namely chip of polyester is accepted to silo , with the batch 
system , water vapor or steam-containing gas is supplied and 
contact process is done. 

[0069] 

When water vapor and contact process it does chip of 
polyester in the continuous , with continuation it accepts 
particulate polyethylene terephthalate to treatment apparatus 
of the column type from upper part , continuous feed does 
water vapor with laminar flow and or countercurrent water 
vapor and contact process is possible. 

[0070] 

As though it is a description above, de watering it does 
particulate polyethylene terephthalate whichwas treated with 
water or water vapor , with for example vibrating sieve , 
Simon cutter or other water cutting apparatus , transports to 
according to need following drying process . 

[0071] 

Water or water vapor and in drying chip of polyester which 
the contact process is done, drying of polyester which usually, 
is used can beused. 
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chip of polyester is supplied from upper part as method 
whichis dried in continuous , gas permeation is done gas 
permeation dryer of hopper type whichis usually used dry gas 
from bottom . 

In addition, it can dry even with rotating disk type continuous 
dryer which supplies rotating disk and heated medium etc to 
outside jacket . 

[0072] 

Drying case it dries with batch system , while under vacuum 
making useof double cone rotating dryer , in addition gas 
permeation doing dry gas under atmospheric pressure itis 
possible to dry. 

[0073] 

It does not become inconvenient even with atmospheric air as 
dry gas . dry nitrogen , dry air is desirable from point which 
prevents molecular weight decrease with hydrolysis and 
thermooxidative decomposition of polyester . 

Here, water treatment step (d ) with, it is step to chip cooling 
after dryingfrom treatment apparatus which does contact 
process of water. 

[0074] 

When polyester chip which passes aforementioned water 
treatment step (d ) has becomebrittle in comparison with chip 
before contact process of watchmaking use of forcible low 
density transport system which utilizes rotary feeder or other 
rotary type feeder and air where impact force which is large to 
for example polyester chip surface catches, transports in 
transport pipe to contact process step (f ) which among 
polyolefm resin member , poiyamide resin member , 
polyacetal resin member contact process is done at least in 
member of any one kind, fine and film occur very in large 
scale , content vis-a-vis polyester chip it becomes 
approximately 100 ppm ~ several weight % are tirheswhen 
time. 

Especially, contact process time of water becomes long, 
extent and fine or other generated amount where in addition 
water treatment temperature becomes high become many. 

[0075] 

Furthermore, mixing this kind of fine etc to polyester chip 
with the uniform state , not being to exist, maldistribution it 
has done. 

Therefore, this kind of polyester as description below doing 
member and contact process which consist of aforementioned 
resin , crystallization rate whenheating molded article from 
polyester composition which it acquires becomes quick, 
butbecause fine or other content fluctuates largely, in addition 
deposited amount of theaforementioned resin to polyester 
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surface fluctuates largely?, Fluctuation of crystallization rate 
of molded article and fluctuation of transparency become very 
large and become problem . 

[0076] 

Therefore, polyester which was treated with water treatment 
step (d ) istransported to removal process (e ) such as fine in 
order separation and removal to do the fine and/or film , 
aforementioned member and contact process before doing, 
these areremoved are important as much as possible in large 
amount . 

[0077] 

And, after with removal process (e ), content of any of total 
content of the fine content , film content , or fine content and 
film content of polyester such as aforementioned member and 
contact process before doing, fine which is installedremoving 
fine and/or film 500 ppm or less , preferably 300ppm or less , 
more preferably lOOppm or less , furthermore it decreases to 
preferably 50ppm or less itis necessary . 

[0078] 

As fine or other removal method , you can list next kind of 
method . 

member and contact process which consist of namely, 
below-mentioned polyolefin resin or polyamide resin you can 
list method which is treated with the shaking sieve step, or 
shaking sieve step and with air stream stream classification 
step, etc which immediatelybefore step which is done are 
installed. 

[0079] 

In addition, in order to try to generate fine etc as little 
aspossible, plug transport system and bucket type conveyor 
transport system are adopted for transportof polyester which 
water treatment is done, in addition as for extractof chip from 
drying equipment and storage tank screw feeder is used such 
asdoing, device which holds down of chip and impact of 
equipment and transport pipe etc of step as much as possible 
and is possible is used. 

[0080] 

surface area of aforementioned member (cm <sup>2</sup> ) 
with ratio A of the treated amount (ton/hr ) of aforementioned 
polyester of per unit time , contact process does tosatisfy 
below-mentioned formula next, in polyester which with the 
removal process (e ) among polyolefin resin member , 
polyamide resin member , polyacetal resin member at least 
member and contact process step (f ) whichsuch as 
aforementioned fine contact process of any one kind is done 
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[008 1] 

surface area of aforementioned member (cm <sup>2</sup> ) 
with ratio A of the treated amount (ton/hr ) of aforementioned 
polyester of per unit time preferably 8-4000, furthermore is 
preferably 1 0-3000. 

When surface area of aforementioned member (cm 
<sup>2</sup> ) with ratio A of treated amount (ton/hr ) of 
aforementioned polyester of per unit time is under 6, 
theaforementioned polyolefin resin and polyamide resin or 
other compounded amount to polyester decrease, because 
ofthis crystallization rate of molded article which is acquired 
unsatisfactory , and the fluctuation becomes large. 

And crystallization of mouth part of hollow molded article 
becomes unsatisfactory , because ofthis because shrinkage of 
mouth part is not settled inside specification value 
range,capping defect occurs. 

In addition when surface area of aforementioned member (cm 
<sup>2</sup> ) with theratio A of treated amount (ton/hr ) of 
aforementioned polyester of per unit time exceeds 5000, 
aforementioned polyolefin resin and polyamide resin or other 
compounded amount to polyester become excessive , at same 
time fluctuation of compounded amount becomesvery large. 

Because of this crystallization rate of molded article which is 
acquired becomesquick, at same time fluctuation becomes 
very large. 

And crystallization of mouth part of hollow molded article 
becomes excessive , because ofthis because shrinkage of 
mouth part is not settled inside specification value 
range,becomes capping deficiency of mouth part and a leak of 
contents occurs, inaddition premolded article for hollow 
molding does whitening , because of this the normal drawing 
becomes impossible . 

[0082] 

In addition, inside space where aforementioned member exists 
polyester as method which contact process is done in 
aforementioned member , polyester it collides contacts 
aforementioned member to be desirable, concrete, production 
step , after water treatment of for example polyester and, As 
product of polyester etc or removal step , from same vessel 
and the molding machine throwing step, etc with molding step 
of polyester magnetic part or other portion of pipe , silo , 
magnet catcher for pipe , gravity transport of pneumatic 
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transport in filling step to vessel for transport with transport 
step is designated as any ofaforementioned polyolefin resin , 
polyamide resin , polyacetal resin or, or, Aforementioned pipe 
etc lining is done with any of theaforementioned polyolefin 
resin , polyamide resin , polyacetal resin when, or rod , 
platelet or net or other geometry was done 
insideaforementioned transport line , you can list method 
whichinstalls member of any of polyolefin resin member , 
polyamide resin member , polyacetal resin member such as 
doing, transports polyester . 



contact time ofaforementioned member of polyester , of 
usually, is the short time 0.01 second -several minutes 
extent , but inside at least one kind of aforementioned 
polyolefin resin , polyamide resin , polyacetal resin the trace 
amount can be combined in polyester . 

[0083] 

Regarding to this invention, polyethylene resin , 
polypropylene resin , or the;al -olefin you can list the resin as 
polyolefin resin which is used. 

In addition with crystalline or you are not concerned these 
resin with amorphous . 

[0084] 

Regarding to this invention, homopolymer , ethylene of for 
example ethylene and other;aI of the propylene , butene -1,3 
-methyl butene -1, pentene -1,4- methylpentene - I, hexene 
-1, octene -1, decene - lor other carbon number 2~20extent 
you can list copolymer etc of derivative , styrene or other 
styrenic hydrocarbon , glycidyl acrylate , glycidyl 
methacrylate or other unsaturated epoxy compound or other 
vinyl compound of -olefin and vinyl acetate , vinyl chloride , 
acrylic acid , methacrylic acid or other unsaturated carboxylic 
acid , acrylic acid ester , methacrylic acid ester or other 
unsaturated carboxylic acid as polyethylene resin which is 
used. 

Concretely, for example ultralow & low * you can list 
ethylene homopolymer , ethylene -propylene copolymer , 
ethylene -butene -1 copolymer /ethylene -4- methylpentene 
-1 copolymer , ethylene -hexene -I copolymer , ethylene 
-octene - I copolymer , ethylene-vinyl acetate copolymer , 
ethylene-acrylic acid copolymer , ethylene -methacrylic acid 
copolymer , ethylene -ethyl acrylate copolymer or other 
ethylene type resin of the(branched or straight chain ) such as 
medium *high density polyethylene . 
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[0085] 

In addition regarding to this invention, homopolymer , 
propylene of for example propylene and theother;al of 
ethylene , butene - I, 3 -methyl butene - I, pentene -1,4- 
methylpentene -1, hexene -1, octene -1, decene - lor other 
carbon number 2~20extent you can list of -olefin and vinyl 
acetate , vinyl chloride , acrylic acid , methacrylic acid , 
acrylic acid ester , methacrylic acid ester , styrene or other 
vinyl compound copolymer , or copolymer etc of hexadiene , 
octadiene , decadiene , dicyclopentadiene or other diene as 
polypropylene resin which is used. 

Concretely, for example propylene homopolymer (atactic , 
isotactic , syndiotactic polypropylene ), you can list propylene 
-ethylene copolymer , propylene -ethylene -butene 
-1 copolymer or other propylene type resin . 

[0086] 

In addition regarding to this invention, 4 -methylpentene - lor 
other carbon number 2~8extent the;al -olefin those;aI of 
homopolymer , -olefin and other;al of ethylene , propylene , 
butene -1,3 -methyl butene - 1 , pentene - 1 , hexene - 1 , octene 
-1, decene -lor other carbon number 2~20extent -olefin you 
can list the copolymer etc the;al which is used -olefin as 
resin . 

Concretely, you can list for example butene -1 homopolymer , 
butene -1- ethylene copolymer , butene -1- propylene 
copolymer or other polybutene resin and 4 -methylpentene 
-I homopolymer , 4- methylpentene -1 and the;al of 
C<sub>2</sub>~C<sub> 1 8</sub> -olefin copolymer or other 
poly methylpentene type resin., etc. 

[0087] 

In addition, regarding to this invention, for example 
butyrolactam , ;de -valerolactam , the;ep -caprolactam , 
enantic lactam , the;oa -laurolactam or other lactam polymer , 
hexamethylene diamine , nonamethylene diamine , 
decamethylene diamine , dodecamethylene diamine , 
undecamethylene diamine , 2,2,4- of polymer , 
6-aminocaproic acid , 1 1- amino undecanoic acid , 12- amino 
dodecanoic acid or other amino carboxylic acid or 2, 4 and 4 
-trimethyl hexamethylene diamine or other aliphatic diamine , 
1,3- or 1,4- bis you can list condensation polymer , and these 
copolymer etc of (aminomethyl ) cyclohexane , bis (p- amino 
cyclohexyl methane ) or other alicyclic diamine , m- or p- 
xylylene diamine or other aromatic diamine or other diamine 
unit and glutaric acid , adipic acid , suberic acid , sebacic acid 
or other aliphatic dicarboxylic acid , cyclohexane dicarboxylic 
acid or other alicyclic dicarboxylic acid , terephthalic acid , 
isophthalic acid or other aromatic dicarboxylic acid or other 
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dicarboxylic acid unit as polyamide resin which is used, 
concretely, can list the for example nylon 4, nylon 6 , nylon 7, 
nylon 8, nylon 9, nylon 1 1, nylon 12, nylon 66 , nylon 6 9, 
nylon 610 , nylon 6 11, nylon 612 , nylon 6T , nylon 61 , 
nylon MXD6, nylon 6 /MXD6, nylon MXD6/MXDI, nylon 6 
/66, nylon 6/610, nylon 6 /12, nylon 6 /6T, nylon 61 /6T etc. 



In addition with crystalline or you are not concerned these 
resin with amorphous . 

In addition, regarding to this invention, you can list for 
example polyacetal homopolymer or copolymer as the 
polyacetal resin which is used. 

As polyacetal homopolymer , density which was measured 
due to measurement method of the ASTM -D792 melt flow 
ratio (MFR ) which was measured with 190 deg C, load 
2 1 60g due to the measurement method of 1 .40 - 1 .42 g/cm 
<sup>3</sup>, ASTM D-I238, polyacetal of range of 0.5 - 50 
g/10 min isdesirable. 

[0088] 

In addition, as polyacetal copolymer , density which was 
measured due to the measurement method of ASTM -D792 
melt flow ratio (MFR ) which was measured with 190 deg C, 
load 2160g due to measurement method of 1.38 - 1.43 g/cm 
<sup>3</sup>, ASTM D-1238, polyacetal copolymer of 
range of 0.4- 50 g/10 min is desirable. 

As these copolymer component , you can list ethylene oxide 
and cyclic ether . 

[0089] 

In addition, regarding to this invention, proportion to 
polyester of theaforementioned resin which is used 0.1 ppb 
~50000ppm , preferably 0.3ppb -lOOOOppm , more preferably 
0.5ppb -lOOppm , furthermore is preferably I .Oppb -lppm , 
particularly preferably l.Oppb ~45ppb . 



When compounded amount is under 0. 1 ppb , crystallization 
rate becomes very sIow,because crystallization of mouth part 
of hollow molded article becomes insufficient , when cycle 
thyme is made short, because shrinkage of mouth part is not 
settledinside specification value range, becomes capping 
deficiency , in addition, heat resistance hollow molded article 
thesoiling of drawing heat-set mold which forms is extreme, 
When it tries to obtain transparent hollow molded article it 
must clean mold in frequent . 
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In addition when it exceeds 50000 ppm , crystallization rate 
becomes quick, the crystallization of mouth part of hollow 
molded article becomes excessive , because of thisbecause 
contraction shrinkage of mouth part is not settled inside 
specification value range, becomes capping deficiency and a 
leak of contents occurs, in addition premolded article for 
hollow molded article does whitening , because of this normal 
drawing becomes impossible . 

. In addition, in case of sheet , when it exceeds 50000 ppm , the 
transparency becomes very bad, in addition also stretching 
property becoming bad and normal drawing being 
impossible , uneven thickness is large, only drawn film where 
transparency is bad it can acquire. 

[0090] 

polyester which usually, melt condensation polymerization is 
done making into a chip after being done,in transport pipe is 
transported to silo and solid phase polymerization step (c ) for 
storage. 

In addition also polyester chip which solid phase 
polymerization is done is transported to next step and silo etc 
for storage in same way. 

When it transports this kind of chip , with forcible low density 
transport method which uses the for example air , large 
impact force depends on surface of chip of polyester in 
collision with pipe , result fine and film occur in large 
amount . 

This kind of fine and film have effect which promotes the 
crystallization of polyester , when it exists in large amount , 
transparency of the molded article which is acquired becomes 
very bad. 

[0091] 

Therefore, aforementioned melt condensation polymerization 
step (b ) with intermediate process or theaforementioned solid 
phase polymerization step of aforementioned solid phase 
polymerization step (c ) (c ) with removal process (g )such as 
fine which removes fine and/or film is added to intermediate 
process of the at least one of intermediate process of 
aforementioned water treatment step (d ), isdesirable. 

Furthermore, in order further to solve problem , such as fine 
toadd it is most desirable in aforementioned both intermediate 
process removal process (g ). 

[0092] 

And, after with removal process (g ), content of any of total 
content of fine content , film content , or fine content and film 
content of polyester 500 ppm or less , preferably 300ppm or 
less , more preferably lOOppm or less , furthermore such as 
fine which is installed before theaforementioned solid phase 
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polymerization step (c ) and/or aforementioned water 
treatment step (d ) removing the fine and/or film it is desirable 
to decrease to preferably 50ppm or less . 



[0093] 

As fine or other removal method , you can list same method 
as fine or other removal method from polyester after for 
example above-mentioned water treatment , drying. 

[0094] 

Portion of fine which it occurs this way and major portion of 
the film reach point where it has extremely high melting peak 
temperature which exceeds 265 deg C. 

In addition, solid phase polymerization it does making use of 
solid phase polymerization device of rotary type ,when feed 
equipment where impact force and shear force depend on 
polyester chip or as transport method to next step is used, 
aforementioned way fine and film of melting peak 
temperature which exceeds 265 deg C occur. 

As for this, when impact force or other which joins to chip 
surface chip the heat emission does because of great power 
simultaneously oriented crystallization of the polyester 
happens in chip surface , that is presumed whether is not, 
because dense crystal structure occurs. 

[0095] 

It measures melting point of aforementioned fine , with 
thebelow-mentioned method making use of differential 
scanning calorimeter (DSC ), but melting peak temperature of 
the DSC is called melting point . 

And, melting peak which displays this melting point one , or 
configuration isdone from melting peak of plural above that, 
with this invention , when the melting peak is one , peak 
temperature , in addition when melting peak is the plurality , 
among melting peak of these plural , most "Most peak 
temperature of high temperature side of melting peak 
temperature of fine " with naming melting peak temperature 
of high temperature side , regarding Working Example etc 
"melting point of fine " with does. 

[0096] 

When and aforementioned way fine and film of polyester 
which has melting peak temperature which exceeds 265 deg 
C, with polyester chip solid phase polymerization do this, or 
water treatment do, these melting peak temperature 
furthermore become higher thanbefore treating. 

In addition, they are 265 deg C or less, but fine and film 
which have melting peak temperature which is considerably 
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higher than normal melting peak temperature , description 
above remain and others in treatment, these melting peak 
temperature reachpoint where it has melting peak temperature 
which exceeds 265 deg C. 

This, is presumed that probably will be, in order in these 
treatments,crystal structure furthermore to change in dense 
crystal structure . 

[0097] 

When it forms with conventional molding condition , crystal 
does not melt polyester composition whichincludes fine and 
film which have melting point peak which is higherthan this 
kind of normal melting point , exceeds 265 deg C completely 
at time of melt molding , remains as crystal nucleus . 

As a result, because crystallization rate when heating becomes 
quick, crystallization of mouth part of hollow molding vessel 
becomes excessive , because of this shrinkage of mouth part 
stops being settled inside specification value range, capping 
deficiency of the mouth part becomes and problem that 
happens a leak of contents occurs. 

In addition premolded article for hollow molding does 
whitening , because of this normal drawing becomes 
impossible , uneven thickness occurs, in addition because the 
crystallization rate is fast, transparency of hollow molded 
article which is acquired becomes bad,in addition also 
fluctuation of transparency becomes with large. 

[0098] 

When it tries to obtain premolded article and sheet for 
satisfactory hollow molding of transparency and stretching 
property from polyester which includes the fine etc of melting 
peak temperature which exceeds 265 deg C, melt molding you 
must doin high temperature of 300 deg C or greater . 

However, with high temperature of these kind of 300 deg C or 
greater , thermal decomposition of the polyester becomes 
extreme, acetaldehyde and formaldehyde or other by-product 
occur in large scale , asa result means to exert influence which 
is large to flavor etcof molded article or other contents which 
is acquired. 

In addition, when polyester composition which is acquired 
with manufacturing method of the this invention , 
aforementioned way polyolefin resin and polyamide resin are 
included,because as for these resin when it is inferior to 
thermal stability is manyfrom polyester which relates to this 
invention , as though it is adescription above, causing thermal 
decomposition at time of forming of the high temperature of 
300 deg C or greater , in order to generate by-product of large 
amount , It means to exert more large influence with flavor 
etc of molded article or other contents which it acquires. 



Page 34 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



JP2003206346A 

[0099] 

\f-9Si&(D&t'K&9&<D£-<?&&1fi*265 deg 



[0100] 

tf % 265 deg C WTT^C<tA<S^L 

[0101] 

265 deg C £&*S:7T^>£#*fcl^5lC-r 

»K««£#'Jxxx;u-eii. SHSfidft^ 
-rx t tyitii^yxxx;u^7X*icfltbLT7K 

^S^/^hSa>/<^iiiii^SClcJ:yff 

S£xga>Bffi|cJlM5tttXg^£&gElcj; 
Sfil3l[»«RXg*fi8l+T7r-f>l»*«iaS(T 

tTofcSSBtfift^/K'Jxxx^SfiaE. ssa 

*i8E»h?, it»aaxg^ffi-ftgEic«fc* 

«3iE»ttXSlcJ:or77-f>^-f;Uixtttt 



2003-7-22 

[0099] 

In addition, when solid phase polymerization step (c ) and is 
supplied most peak temperature of the high temperature side 
of melting peak temperature of fine which is included in 
polyester which,it exceeds 265 deg C to water treatment step 
(d ), crystallization rate of molded article from the polyester 
composition which is acquired becomes too quick, in addition 
fluctuationvery is large or, becomes problem in same way as 
descriptionabove. 

[0100] 

Therefore with this invention , solid phase polymerization 
most peak temperature of high temperature side of the melting 
peak temperature of fine which is included in polyester before 
contact process offront or aforementioned member , is 265 
deg C or less it isdesirable . 

[0101] 

for example next kind of method is taken as method which it 
tries notto include fine where most melting peak temperature 
of high temperature side of melting peak temperature exceeds 
265 deg C, it is possible . 

polyester chip which with melt condensation polymerization 
polyester , doing to push out molten polyester tounderwater 
from die after melt condensation polymerization , while 
extrusion it is in system , or atmosphere which it cuts off at 
underwater after, at once with cooling water cooling making 
into a chip it did with system which it cutsoff, formed next in 
chip after dewatering , With shaking sieve step, or shaking 
sieve step and air stream it removes chip and the tine and film 
of geometry other than predetermined size with stream 
classification step ,it sends to tank for storage due to plug 
transport system and bucket type conveyer transport system . 

To next step it transports extract of chip from 
theaforementioned tank with plug transport system and bucket 
type conveyer transport system with the screw type feeder , 
immediately before solid phase polymerization step provides 
stream classification step with shaker type sieve step and and 
air stream does fine removal treatment . 

Next, melt condensation polymerization polyester which did 
removal treatment of fine and film for thesecond time, 
immediately before solid phase polymerization step , with 
shaker type sieve step and the air stream it removes fine and 
film with stream classification step , throws to the solid phase 
polymerization step . 

In addition device where, extract of chip from crystallization 
device and solid phase polymerization reactor screw feeder is 
used such as doing, holds down of chip and impact of 
equipment and transport pipe etc of step as much aspossible 
and is possible is used. 
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[0102] 

In addition, particle of particle diameter 0.3~5;mu m , below 
preferably 500000 (/cubic feet ) ofl 000000 (/cubic feet ) or 
less, furthermore vapor which is introduced is used,from 
outside the system below preferably 1 00000 (/cubic feet ) as 
and/or aforementioned member before contact process of 
aforementioned member and vapor whichcontacts with 
polyester composition after contact process , is desirable. 

particle which exceeds particle diameter 5;mu m in vapor is 
notsomething which especially is limited. Below preferably 5 
(/cubic feet ), furthermore it is below preferably 1 (/cubic 
feet). 

[0103] 

It is filled in container or other vessel for hopper , transport of 
silo , molding machine in the production step of polyester , 
via sieve classification step and stream classification step or 
other each step from the melt condensation polymerization 
step and solid phase polymerization step etc, but adopting to 
step generally air of treatment facility neighborhood with such 
as blower , it is used for transporting anddrying polyester 
between step of these. 

Until recently, this kind of air used this with untreated way, or 
or just treated it was general to use with cleaning machine 
which mountslow performance filter unit like form 3 which is 
stipulated with Japanese Industrial Standard JIS B 9908 
(1991). 

But, there were times when problem that occurs only molded 
article where transparency is bad can be acquired, from 
polyester which was treated with this kind of step . 

Especially, when aforementioned way air of quality is usedas 
vapor which contacts with polyester in front and back of 
contact process step of aforementioned member , 
crystallization rate and transparency or other fluctuationof 
molded article which is acquired become with large and 
possibility whichbecomes problem is large. 

[0104] 

Therefore, regarding manufacturing method of polyester 
composition with contact process of theaforementioned 
member of this invention , particle of particle diameter 
0.3~5;mu m uses vapor which is introduced is important from 
outside the system of 1 000000 (/cubic feet ) or less as vapor 
which contacts with polyester fromimmediately before step 
which fine and/or film separation and removal is done, in step 
after that. 

[0105] 

Furthermore, it is not something which especially is stipulated 
inregard to particle under particle diameter 0.3;mu m in 
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vapor. In order to obtain resin which gives transparent molded 
article , less one isdesirable. 

Below preferably 10000000 (/cubic feet ) and below more 
preferably 5000000 (/cubic feet ), furthermore it is a 
preferably 2000000 (Or less of /cubic feet ) as number of 
particles under particle diameter 0.3;mu m . 

[0106] 

method which controls number of particles of particle 
diameter 0.3~5;mu m in vaporwhich is introduced below, 
from outside the system 1000000 (/cubic feet ) or less 
isillustrated, but this invention is not something which is 
limited in this. 

[0107] 

Until vapor which is introduced from outside the system as 
method whichdesignates number of particles of particle 
diameter 0.3-5 ;mu m in vapor which isintroduced from 
outside the system as 1000000 (/cubic feet ) or less, contacts 
with the polyester chip , cleaning device which removes 
aforementioned particle at least in one site or more in step is 
installed. 

Case aforementioned vapor is air of treatment facility 
neighborhood,until aforementioned air it takes and needs air 
which frommouth is introduced with blower contacts with 
polyester chip , in the step , vapor cleaning device which 
mounts filter unit of form land/or form 2 which isstipulated 
with Japanese Industrial Standard JIS B 9908 (1991) is 
installed, number of particles of particle diameter 0.3-5;mu m 
in aforementioned air is designated as 1000000 (/cubic feet ) 
or less, it is desirable. 

In addition, aforementioned air it takes and need it 
installsvapor cleaning device which mounts filter unit of form 
3 which in mouthis stipulated with Japanese Industrial 
Standard JIS B 9908 (1991), it extends lifetime of 
theaforementioned filter unit it jointly uses with vapor 
cleaning device which mountsaforementioned filter unit with , 
it is possible . 

[0108] 

You can list filter paper which consists of glass fiber as 
material of the filter (Below, HEPA filter it abbreviates. ) unit 
of ultrahigh performance of form 1 which is stipulated with 
the Japanese Industrial Standard JIS B 9908 ( 1 99 1 ) which 
removes particle in vapor. 

[0109] 

In addition, you can list filter and Teflon (R ) film and the 
filter etc from laminate of PET cloth which consist of 
polypropylene fiber as material of high performance filter unit 
of form 2 which is stipulated with Japanese Industrial 
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Standard JIS B 9908 (1991). 

electrostatic filter of polypropylene fiber make is used for 
generality. 

[0110] 

In addition, you can list PET and nonwoven fabric etc which 
consistsof polypropylene as material of low performance filter 
unit of form 3 which isstipulated with Japanese Industrial 
Standard JIS B 9908 (1991). 

[0111] 

With manufacturing method of this invention , melt molding 
doing, dimensional deformation ratio which measured molded 
article which it acquires due to thermomechanical analysts 
(TM A ) 1 .0% - 5.0%, haze 1 5% or less , preferably 
dimensional deformation ratio 1.2% - 4.8%, haze 12% or 
less , furthermore preferably dimensional deformation ratio 
1 .3%- 4.5%, haze can acquire polyester composition of 10% 
or less . 

[0112] 

As various explained with description above, terephthalic acid 
or ester-forming derivative and, mainly mainly ethyleneglycol 
or low molecular weight polymer production step which 
ester-forming derivative esterification or transesterification 
isdone (a ), melt condensation polymerization step which low 
molecular weight polymer which is acquired with 
theaforementioned low molecular weight polymer production 
step melt condensation polymerization is done (b ), solid 
phase polymerization step which polyester which is acquired 
with aforementioned melt condensation polymerization step 
solid phase polymerization is done (c ), polyester which is 
acquired with aforementioned solid phase polymerization step 
waterand water treatment step which contact process is done 
(d ), removal process (e ), and inside the polyester and 
polyolefm resin member , polyamide resin member , 
polyacetal resin member which with removal process such as 
aforementioned fine are acquired such as fine which removes 
fine and/or film from polyester which is acquired with 
aforementioned water treatment step at least member of any 
one kind, In manufacturing method of polyester composition 
which includes contact process step (f ) which contact process 
is done surface area of aforementioned member (cm 
<sup>2</sup> ) with treated amount of theaforementioned 
polyester of per unit time (ton/hr ) with that ratio A satisfies 
below-mentioned formula and makes feature depending, Or 
aforementioned melt condensation polymerization step (b ) 
with intermediate process or aforementioned solid phase 
polymerization step of aforementioned solid phase 
polymerization step (c ) (c ) with in manufacturing method of 
theabove-mentioned polyester composition which such as fine 
which removes fine and/or film in intermediate process of at 
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least one of intermediate process of aforementioned water 
treatment step (d ) removal process (g ) adds depending, 
intrinsic viscosity content of 0.60 - 1.20 deciliter /gram , 
cyclic trimer content of any of the total content of 0.6 
weight % or less , fine content , film content , or fine content 
and film content being 500 ppm or less , with polyester 
composition where at same time most melting peak 
temperature of high temperature side of the melting peak 
temperature of aforementioned fine is 265 deg C or less, melt 
molding doing aforementioned polyester composition , 
dimensional deformation ratio which measured molded article 
which it acquires due to thermomechanical analysis (TMA ) 
with 1 .0% - 5.0%, polyester composition which is superior in 
lengthy continuous molding property whose it is few with the 
polyester composition where haze is 15% or less , to produce 
drawing hollow molded article where the molded article , 
especially heat resistance where transparency and dimensional 
stability on heating are superior issuperior efficiently to be 
possible, in addition to pollute mold can be acquired. 



a= mmtm<D&m®. (cm 1 )) 

= 6 ~ 5000 



[0I13] 

£fcM2CO<gM#f*iSi£lfI(a)frP>*°'J;i-U 

-f:/B**ig(g)££*!>fciii6ig£. 
[01 14] 

Mt. &mm& PET MU£^5*^'J1M 

$w-utLxmi^xmtz pet 

PET tfMU^^-^UV^^U&IC^llfSgf 
L@J|XLfc7U-^tt PET ^vZfft PET Uii 

tmsLxm^ztwxzz, 

[0115] 

n Bfl <£ y & m t -5 ft £ IS * I c gp fir ft £ 

m. mnte*:<D&mo)mnm£m-&Lxt,& 



[0113] 

In addition polyethylene terephthalate composition which is 
suited for especially hollow molded article among poiyolefin 
resin member , polyamide resin member , poiyacetal resin 
member at least member and production step , to contact 
process step (f ) which the contact process of any one kind is 
done or driving production step which includes the fine 
removal process (g ) which is added to this, to continuous by 
from theaforementioned low molecular weight polymer 
production step (a ), can be acquired in economical . 

[0114] 

polyester which is acquired with manufacturing method of 
this invention can refine the after use PET bottle with 
chemical recycling method and can refine PET and after use 
PET bottle which areacquired dimethyl terephthalate and 
terephthalic acid or other starting material which recover at 
least as portion of starting material using with mechanical 
recycling method and mixing with flake PET and chip PET 
etc which recover, can use. 

[0115] 

From according to need other additive , for example known 
ultraviolet absorber , outside interior it is possible to polyester 
composition of this invention , to combine lubricant , mold 
release , nucleating agent , stabilizer , antistatic agent , 
pigment or other various additive which were precipitatedin 
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lubricant and reaction which are added. 
[0116] 

polyester composition which is acquired with manufacturing 
method of above-mentioned this invention , injection molding 
and drawing blow molding being done, in drawing hollow 
molded article , in addition extrusion molding being done, 
forms in sheet etc. 

[0117] 

[Working Example(s)] 

Below this invention is explained concretely with Working 
Example , but this invention is not something which is limited 
in these Working Example . 

Furthermore, measurement method of main property value in 
in this specification is explainedbelow. 

[0118] 

intrinsic viscosity of (1) polyester (IV ) 

1,1,2 and 2 -tetrachloroethane /phenol it sought from 
solution viscosity with 30 deg C in (2: 3 weight ratio ) mixed 
solvent . 

[0119] 

You call DEG content *)Below diethylene glycol content of 
(2) polyester 

It disassembled with methanol , quantification it did DEG 
amount with the gas chromatography , it displayed with 
relative (mole % ) for total glycol component . 

[0120] 

content of cyclic trimer of (3) polyester (Below "CT content " 
with you call ) 

It melts sample in hexafluoroisopropanol /chloroform mixed 
solution , it dilutes furthermore including the chloroform . 

polymer after precipitating, is filtered in this including the 
methanol . 

evaporating and drying to solid it did filtrate , made constant 
volume with dimethyl formamide ,from liquid 
chromatography method quantification it did cyclic trimer 
which configuration is done from ethylene terephthalate unit . 

[0121] 

acetaldehyde content of (4) polyester (Below "AAcontent " 
with you call ) 

upper part which was inserted in glass ampoule which sample 
/distilled water =lgram /2cc nitrogen substitution isdone melt 
sealing was done, 2 hours extraction were done with 160 deg 
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C, aftercooling acetaldehyde in extracted liquid was measured 
with high sensitivity gas chromatography , concentration was 
indicated with ppm . 

[0122] 

cyclic trimer increased weight when melting (5) polyester 
(*CT amount ) 

You insert polyester chip 3g which it dries in glass test tube , 
under nitrogen atmosphere 60 min soak in oil bath of 290 deg 
C and melt. 

It seeks cyclic trimer increased weight when melting, with 
next formula . 

cyclic trimer increased weight when melting (weight % ) 
cyclic trimer content after = melting (weight % ) - cyclic 
trimer content before melting( weight % ) 

[0123] 

content of (6) fine and measurement of film content 



It calls resin approximately 0.5 kg , with JIS -Z8801 and *is 
sieve (A ) with to call metal screen of dimension 5.6mm * it is 
itplaces metal screen of dimension 1.7mm on sieve which 
combines sieve (diameter 20cm )(B ) in 2 -stage with 
[teraoka ] supplied shaking type sieve swing tow machine 
SNF-7 1 minute sieve *is with 1800 rpm . 

It repeats this operation, resin total 20kg sieve * is. 

[0124] 

When separately from film , chip of 2 or more mutually chip 
ones which are cut off to size which is larger than thing and 
normal geometry which melt adhesion are done trapping it is 
done on theaforementioned sieve (A ), as for fine which under 
remaining film and sieve (B ) which remove these sieve was 
dropped, You washed separately with deionized water and 
filtered with Iwaki Glass supplied Gl glass filter andgathered. 

These every glass filter inside dryer 2 hours drying later, 
cooling with 100 deg C, measured weight it did. 

For second time, you washed with deionized water , repeated 
sameoperation of drying, became constant mass you verified , 
pulled the weight of glass filter from this weight , sought 
weight of fine weight and film . 

fine content or film content is total resin weight , which was 
applied on fine weight or film weight /sieve . 

total content is sought from these values. 
[0125] 
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melting point of (7) fine (Below "fine melting point " with 
you call ) 

It measures Seiko Instruments Inc. (DB 69-058-2077 ) make 
differential scanning calorimeter (DSC ), making use of 
RDC-220. 

In (6), fine which was gathered from polyester of 20 kg with 
25 deg C 3 -day period vacuum is dried under, from now on 
sample 4mg is usedfor one-time measurement and DSC 
measurement is done with heating rate 20 deg Cper minute , 
most the melting peak temperature of high temperature side of 
melting peak temperature is sought. 

It executes measurement concerning sample of maximum 10 
[ke ], mostseeks average of melting peak temperature of high 
temperature side . 

[0126] 

density and mouth part density deviation of average density , 
preform mouth part of (8) polyester chip 

With density gradient tube of nitric acid calcium / water 
mixed solution it measured with 30 deg C. 

In addition, it sought mouth part density , in addition sought 
mouth part density deviation , fromthese 1 0 values is done 
with method of (10) sample 10 which the crystallization as 
average . 

[0127] 

(9) haze (haze % ) and molded sheet haze mottling 

molded article of below-mentioned (12) (thickness 5mm ) and 
shaft of hollow molded article of( 13) (thickness 
approximately 0.45 mm ) from it cuts off sample , Nippon 
Denshoku Kogyo K.K. (DB 69-244-3708 ) make measures 
with haze meter , model NDH2000. 

In addition, 10 times continuing, it measured haze of molded 
sheet (thickness 5mm ) which formed, it sought molded sheet 
haze mottling with description below. 

molded sheet haze mottling (%) =haze maximum value (%) 
-haze minimum value (%) 

[0128] 

With heating (10) preform mouth part density rise 

60 second thermal processing it did preform mouth part with 
infrared heater of homemade , sample recovered from top 
surface and measured density . 

dimensional deformation ratio of (1 1) molded article 

It cut test piece of size of 8 mm X 10mm than plate section of 
3 mm thickness from stepped molded sheet of 
below-mentioned (12), made measurement sample . . 
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molecular orientation which derives in flow at time of 
molding and fabrication exists in the molded sheet , but 
oriented stated is various with site of molded sheet . 

Then, polarizing plane between 2 polarizing sheet which cross 
molded sheet case where visible light was irradiated to 
inserting , polarizing sheet surface from vertical direction , 
oriented stated wasverified light intensity distribution which 
transmits molded sheet is observed by . 

test piece was cut from site which does not have fact that the 
nonuniform (Such as fluctuation of degree of orientation and 
orientation direction ) of molecular orientation is included 
inside above-mentioned dimension . 

direction of optical anisotropy is verified beforehand at that 
occasion,relationship with direction of test piece which is cut 
is designated aslike below. 

It decided direction of optical anisotropy , with method which 
is stated in structure (2) (Kyoritsu Publishing KK ) of Niitaka 
molecule experiment study 6 polymer making use of 
polarizing microscope andacute color inspection sheet . 

In order for direction of axial (Axis where velocity of light is 
fast) whose index of refraction issmall and long axis of test 
piece to become parallel, it cut. 

relief of orientation scatter and cross-section which are 
introduced into theoccasion where test piece is cut produces 
effect on measurement result considerably. 

Then, relief of cross-section and site where orientation 
isdisordered were deleted making use of cutter , flat surface 
wasacquired. 

[0129] 

In addition, also density of test piece and extent of molecular 
orientation exert influence on result. 

Value of density and birefringence respectively must be 
1.3345 - 1.3355 g/cm <sup>3</sup> and 1.30 X 10<sup>-4 
</sup>~l .50X1 0<sup>-4</sup>. 

It measured density , with resin which sampling is done as the 
sample , making use of water-based density gradient tube 
from vicinity of test piece recovery site . 

It measured birefringence , with Berek compensator method 
making use of polarizing microscope (Nikon Corporation (DB 
69-055-0868 ) supplied ECL IP SE E600 POL ). 

measured value adopted value which is acquired with central 
portion of the test piece . 

As description above dimensional deformation of temperature 
raising and lowering process of test piece which isproduced, 
thermomechanical analysis of Ltd. [makkusaiensu ] supplied 
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(TMA ), was measured with the type TMA 4000S. 

It measured, with compressive load mode observed change of 
sample length of parallel direction in long axis of test piece . 

0.2 Under constant pressure shrinkage load , Aratmosphere of 
g, from room temperature to210 deg C temperature rise it did 
with velocity of 27 deg C/min ., with 210 deg C 180 second 
retention later, to room temperature cooling did with velocity 
of 47 deg C/min measured dimensional deformation . 

Calculation of dimensional deformation ratio used 
below-mentioned formula. 

dimensional deformation ratio (%) = {(Before measuring with 
room temperature sample length ) - (After measuring with 
room temperature sample length )} / (Before measuring with 
room temperature sample length ) X 100 

[0130] 

Formation of (12) stepped molded sheet 

It forms making use of step attaching flat plate mold (surface 
temperature approximately 22 deg C ) which was cooledwith 
water of 10 deg C polyester which it dries Meiki Co. Ltd. (DB 
69-073-1195 ) makewith M-! 50C (DM ) injection molding 
machine , in cylinder temperature 290 deg C. 

As for stepped molded sheet which it acquires, 2, 3, 4, 5, 6, 7, 
8, 9 and 1 0,being something which provides plate of 
approximately 3 cm X approximately 5 cm square of 
thickness of 1 1 mm for stepped state , as for weight of 1 they 
are approximately 146 g. 

As for plate of 5 mm thickness you use for haze (haze % ) 
measurement. 

[0131] 

Formation of (13) hollow molded article 

It dried polyester with dryer which uses dehumidified air , 
preform itformed with resin temperature 290 deg C with each 
machine factory make M-150C (DM ) injection molding 
machine . 

mouth part of this preform thermal crystallization was done 
with mouth part crystallization device of the homemade . 

With LB-OlEmolding machine of COPOPLAST supplied in 
vertical method in approximately 2.5 times , circumferential 
direction biaxial stretching blowing it did this premolded 
article next in draw ratio of approximate!y3.8 times , heat-set 
it did inside mold which continuously is setto approximately 
150 deg C, volume formed vessel (shaft thickness 0.45mm ) 
of2000cc. 

It controlled drawing temperature in 100 deg C. 
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[0132] 

A leak evaluation of contents from (14) hollow molded article 

warm water of 90 deg C it was filled in hollow molded article 
which formed with theaforementioned (13), after doing 
capping , with capping machine itpushed down vessel and 
after leaving, inspected leak of the contents . 

In addition, you inspected also deformed state of mouth part 
after the capping . 

[0133] 

cooling water of (15) making into a chip step and introduction 
underwater sodium content , calcium content , magnesium 
content and silicon content of water treatment step 

cooling water and introduction water of particle removal and 
ion exchange being completed it recovers, with Iwaki Glass 
supplied lGlglass filter after filtering, Shimadzu Corporation 
(DB 69-055-8747 ) make measures filtrate with inductively 
coupled plasma photoemission analysis device . 

[0134] 

(16) introduction underwater and measurement of number of 
particles in recycled water 

Introduction water, or filtration apparatus of particle removal 
and ion exchange being completed (5) and recycled water 
which was treated with adsorption column (8)was measured 
Seishin Enterprise Co. Ltd. which is a particle measuring 
apparatus with light shielding method (DN 69-077-8345 ) 
makemaking use of PAC 150, number of particles / was 
indicated with 10 ml . 

[0135] 

Measurement of number of particles in vapor which contacts 
with (17) polyester chip 

It is sent with blower etc in order, to send vapor forcedly 
thevapor which passes vapor cleaning device before 
contacting with chip diverging with vapor main river, 
introducing into particle measuring apparatus , itmeasures. 

5 time measurements are repeated, average is sought, number 
pervapor 1 cubic feet is calculated. 

As particle measuring apparatus , light scattering type particle 
measuring apparatus , KC-0I B of Rion KK make was used. 

[0136] 

(Working Example 1) 

Beforehand, in 1 st esterification reactor which contains 
reaction product , it supplied slurry of high purity terephthalic 
acid and ethyl glycol to continuous , under agitating, reacted 
average residence time 3 hours with approximately 250 deg 
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C, 0.5kg/cm <sup>2</sup>G. 

It sent this reaction product to 2 nd esterification reactor t 
under agitating, with approximately 260 deg C, 
0.05kg/cm<SP>2&it;/SP>G reacted to 
predetermined degree of reaction . 

In addition, crystalline germanium dioxide thermal 
decomposition was done in water, in this the ethyleneglycol 
solution of catalyst solution and phosphoric acid which 
ethyleneglycol addition heat treatment are done was supplied 
to continuous separately in these 2 nd esterification reactor . 

It supplied this esterification reaction product to I st 
polycondensation reactor in continuous , under agitating, 
withapproximately 265 deg C, 25torr l hour , with 2 nd 
polycondensation reactor under agitating, withapproximately 
265 deg C, 3torr l hour , furthermore with final 
polycondensation reactor underagitating, l hour condensation 
polymerization did next with approximately 275 deg C, 
0.5- 1 torr . 

While cooling melt condensation polymerization reaction 
ones with cooling water (sodium content 0.02 ppm , 
magnesium content 0.02 ppm , calcium content 0.03 ppm , 
silicon content 0.07 ppm ), after making into a chip , 
ittransported to tank for storage, it designated these total 
content asapproximately 50 ppm or less by next removing 
fine and film with shaker type sieve classification step and 
stream classification step , transported to continuous system 
solid phase polymerization device next. 

Most peak temperature of high temperature side of melting 
peak temperature of this fine was 245 deg C. 

Under nitrogen atmosphere /crystallization it did with 
approximately 155 deg C,furthermore under nitrogen 
atmosphere after preheating , sent to continual solid phase 
polymerization reactor in approximately 200 deg C and under 
nitrogen atmosphere solid phase polymerization didwith 
approximately 207 deg C. 

[0137] 

starting material chip supply port of treatment tank upper part 
(1 ), overflow exit aperture which is position of treated water 
upper limit level of treatment tank (2), polyester chip of 
treatment tank bottom and exit aperture of blend of the treated 
water (3), treated water which goes by way of water cutting 
apparatus (4) of polyester chip which is discharged from exit 
aperture of treated water and treatment tank bottom whichare 
discharged from overflow exit aperture , pipe which again is 
sent to water treatment tank fine filtration removal apparatus 
where filter material is continuous system filter of paper (5) 
and via adsorption column (8) (6), it went by way of 
underwater particle removal apparatus and ion-exchanger 
tower which area GAFfilter bag PE-1P2S (polyester felt , 
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filter precision I ;mu m ) of ISPsupplied , Introducing 
deionized water where is new from outside the system into 
inlet (9) inmiddle of this pipe (6), using treatment tank which 
it shows, in the Figure 1 of column type of capacity 
50m<sup>3</sup> which has inlet (7) of waterwhich it 
acquires water treatment it did polyethylene terephthalate 
(Below, PET and abbreviation) chip in continuous . 

[0138] 

Treating aforementioned solid phase polymerization PET chip 
with shaker type sieve classification step , and stream 
classification step inapproximately 50 ppm or less after 
removing, it continued threw fine and film from supply port 
(1) of upper part of treatment tank which iscontrolled to 
treated water temperature 95 deg C with water treatment time 
3 hours from exit aperture (3)of water treatment tank lower 
part PET chip with treated water in continuous extract it did 
water treatment . 

As for particle content of introduction underwater particle 
diameter l~25;mu m whichrecovers with viewer-proximal of 
deionized water inlet (9) of above-mentioned treatment 
apparatus approximately 1900 / 10 ml , sodium content 0.01 
ppm , magnesium content 0.02 ppm , calcium content 0.03 
ppm , silicon content being 0.07 ppm , in addition filtration 
apparatus (5) and number of particles of the particle diameter 
l-40;mu m of recycled water after treating approximately 
was 18000 f\0 ml with adsorption column (8). 

Most peak temperature of high temperature side of melting 
peak temperature of fine in polyester before water treatment 
tank throwing was 248 deg C. 

[0139] 

After water treatment , with dry air which is heated drying in 
continuous continuously treating with shaker type sieve 
classification step and and stream classification step removing 
the fine and film it made approximately 45 ppm . 

Most peak temperature of high temperature side of melting 
peak temperature of this fine was 248 deg C. 

[0140] 

In portion of transport pipe of SUS304 which is connected to 
vessel filling step for transport which is installed after stream 
classification step , linear low density polyethylene (MFR = 
approximately 0.9 g/10 min , density = approximately 0.923 
g/cm <sup>3</sup> ) make ittransported inside transport pipe 
which connects cylindrical pipe pipe of inner diameter 
70mm , length 300mm with approximately 3 ton/hr and did 
contact process . 

After contact process , furthermore it treated with stream 
classification step . 
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[0141] 

As for intrinsic viscosity of PET which it acquires as for 0.74 
deciliter /gram , DEG content asfor content of 2.5 mole % , 
cyclic trimer as for 0.30 weight %, cyclic trimer increased 
weight as for 0.04 weight %, average density as for 1.4030 
g/cm<SP>3</SP> , AAcontent as for content such 
as 2.5 ppm , fine most as for peak temperature of high 
temperature side of melting peak temperature of 
approximately 30 ppm , fine they were 247 deg C. 

In addition as for Geresidual amount which was measured due 
to fluorescence x-ray analysis asfor 47 pm , and Presidual 
amount they were 3 1 ppm . 

[0142] 

Furthermore, as for chip transport of chip transport, solid 
phase polymerization step and water treatment , drying 
process of melt condensation polymerization step , in addition 
as for extract of chip from solid phase polymerization reactor 
and storing layer etc for solid phase-polymerized chips all 
screw type feeder was usedwith all plug type transport system 
and part bucket type conveyer transport system . 

Also transport in Working Example and Comparative 
Example below depended on similar method . 

[0143] 

In addition, air (As for number of particles of particle 
diameter 0.3~5;mu m 530 /cubic feet ) which is filtered with 
air cleaning machine whichmounts PET nonwoven filter unit 
of form 3 of Japanese Industrial Standard JIS B 9908 (1991) 
as dry air for the air and drying which send PET chip which 
water treatment is done to the drying process , and air 
cleaning machine which mounts HEPA filter unit of particle 
collected ratio 99% or more of form 1 of Japanese Industrial 
Standard JIS B 9908 (1991) was used. 

[0144] 

evaluation was executed with molded sheet and biaxial 
stretching molded bottle concerning this PET . 

Result is shown in Table 1 . 

As for haze of molded sheet 3.3%, as for haze mottling 0.2%, 
as for the dimensional deformation ratio 3.0%, as for density 
of mouth part as for 1.378 g/cm<SP>3</SP> , 
mouth part density deviation at 0.001 

g/cm<SP>3</SP> and value which does not have 
problem , also transparency of bottle was 1.2% satisfactory. 

In addition, even with leakage test of contents , there was not 
a problem , there was not either deformation of mouth part . 

AAcontent of bottle was 14.8 ppm and value which does 
nothave problem . 
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continuous drawing blow molding of 5000 or more was 
executed, but mold fouling was notrecognized, in addition 
also transparency of bottle was satisfactory. 

[0145] 

(Working Example 2 ) 

Treating water treatment PET which is acquired with 
Working Example 1 with shaker type sieve classification 
step ,and stream classification step after removing fine and 
film , it did removal treatment such as contact process and 
fine of polyethylene with same facility as Working Example 1 
and method . 

However, length of polyethylene pipe for contact process per 
unit time treated amount (ton/hr ) of the polyester of 1 m, 
treatment time was designated as approximately 2 ton/hr . 

Result is shown in Table 1 . 

problem there was not a result of leakage test of haze and the 
haze mottling , uneven thickness or contents of haze , bottle 
of molded sheet . 

continuous drawing blow molding of 5000 or more was 
executed, but mold fouling was notrecognized, in addition 
also transparency of bottle was satisfactory. 

[0146] 

(Working Example 3) 

Treating water treatment PET which is acquired with 
Working Example 1 with shaker type sieve classification 
step ,and stream classification step in portion of gravity 
transport pipe of SUS304 which is connectedto container 
filling step for transport which removes fine and film installs 
under stream classification step , linear low density 
polyethylene (MI= approximately 0.9 g/10 min , density « 
approximately 0.923 g/cm <sup>3</sup> ) make vertical pipe 
interior whichconnects contact equipment which 3 installs rod 
of diameter approximately 1 cm , length approximately 20 cm 
per unit time treated amount (ton/hr ), Approximately falling 
with 4 ton/hr , it did contact process . 

After this contact process , furthermore it treated with stream 
classification step . 

Result is shown in Table 1 , but problem there was not a all 
result. 

[0147] 

(Comparative Example 1) 

Excluding fine after melt condensation polymerization , after 
solid phase polymerization and after the water treatment and 
removal process of film it did not execute said 
treatment,besides dry air for air or drying which in addition 
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are sentto drying process is not treated with aforementioned 
air cleaning machine it produced PET with as similar to 
Working Example 1 . 

PET , this which it acquires characteristic of molded sheet and 
biaxial stretching molded bottle which formed is shown in 
Table 1 . 

[0148] 

As for intrinsic viscosity of PET which it acquires as for 0.74 
deciliter /gram , DEG content asfor content of 2.6 mole % , 
cyclic trimer as for 0.3 1 weight %, cyclic trimer increased 
weight as for 0.05 weight %, average density as for 1.4029 
g/cm<SP>3</SP> , AAcontent as for content such 
as 2.4 ppm , fine they were approximately 1 050 ppm . 

In addition as for Geresidual amount which was measured due 
to fluorescence x-ray analysis asfor 47 pm , and Presidual 
amount they were 3 1 ppm . 

As for haze of molded sheet 35.0%, as for haze mottling 5.0% 
it was highvery, dimensional contraction ratio was 0.5%. 

In addition, with leakage test of contents it could recognize a 
leakof contents . 

shaft haze of bottle which it acquires 1 5.3% to be high had the 
problem very. 

haze of molded sheet and transparency of bottle was a 
problem , the crystallization rate of mouth part passed, speed 
with leakage test of contents couldrecognize a leak of 
contents . 

[0149] 

[Table 1] 
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[0150] 

[Effects of the Invention] 

melt condensation polymerization polyester where main 
repeat unit is ethylene terephthalate solid phase 
polymerization it does the manufacturing method of polyester 
of this invention , next after water and contact process ,treats 
with fine and/or film removal process and among polyolefin 
resin member , polyamide resin member , polyacetal resin 
member at least member and the contact process of any one 
kind it does polyester which is acquired, in orderamong 
polyolefin resin , polyamide resin , polyacetal resin at least to 
combine any one kind in polyester with, mold fouling 
decreases in sheet molding , bottle molding , etc lengthy , 
multiple molded article can form easily with state where 
transparency is superior. 

And, transparency it is good, there is not a transparency 
mottling or a uneven thickness , dimensional stability on 
heating is superior, hollow molded article where 
crystallization of mouth part is proper canbe acquired. 

As for this, as at time of drawing and extent of crystallization 
of surface of molded article becomes higher than extent of 
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crystallization of molded article interior attime of heat-set , 
surface crystallization is done in uniform ,because of this 
oligomer such as cyclic trimer closes in surface nearby 
interior reaching up to surface and because it is included, that 
is presumedwhether it does not mean that mold fouling 
decreases. 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 

conceptual diagram of water treatment device which is used 
with Working Example 

[Explanation of Symbols in Drawings] 

1 

starting material chip supply port 
2 

overflow exit aperture 
3 

exit aperture of polyester chip and treated water 
4 

water cutting apparatus 
5 

fine removal apparatus 
6 

pipe 
7 

inlet of recycled water and/or deionized water 
8 

adsorption column 
9 

deionized water inlet 
[Figure 1] 
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